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Abstract

Weed management in potato production is one of the main cost and time consuming practices. Understanding the most effective 
time of weed control could reduce the costs and increase potato yield. Field study was conducted in the west region of Iran during 2006 to 
evaluate the effect of weeds damage in potato fields. Twelve treatments used consisted of six initial weed-free periods in which plots were 
kept free of weeds for 0, 10, 20, 30, 40 and 50 days after crop emergence (DAE), and then weeds were allowed to grow until harvest, and 
six initial weed-infested periods in which, weeds were allowed to grow for 0, 10, 20, 30, 40 and 50 DAE, then the plots were kept free of 
weeds until harvest. Experiment was arranged as a randomized complete block design with three replications. The results showed effect of 
weed competition on crop dry matter started about 40 DAE and about 90 DAE reached its maximum. The weeds competition decreased 
dry matter accumulation, leaf area index, crop growth rate, leaf area index duration, light absorption, light extinction coefficient and 
radiation use efficiency (RUE) of potato. Weeds reduced the potato yield 54.8 percent. The beginning and the end of the critical period 
of weed control in potato (CPWC) was based on 5% and 10% tuber yield loss. The onset of the CPWC ranged from 486 to 572 GDD, 
at 5% and 10% yield loss level corresponding to 11 and 19 days after crop emergence, respectively. The end of the CPWC varied from 
1372 to 1164 GDD, at 5% and 10% yield loss level corresponding to 65 and 51 days after crop emergence, respectively. RUE in the weed 
infestation treatment in comparison to the weed free treatment, reduced 11.8 percent.
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Introduction

Potato is an annual crop which plays an important role 
in human’s source of food. Potato tubers have various nu-
trients such as carbohydrates, proteins and various amino 
acids. Weed infestation decrease the quality and quantity 
of potato tubers via decreasing size, weight and number of 
tubers (Arnold et al., 1998). Competition affects consid-
erably the shape, size and function of competing species. 
Growth analysis of competing species is the realization of 
the source of limitation and its effect on plant populations 
(Shurong et al., 1993). So, Spitters and Kramer (1986) 
stated that information on the crops growth characteris-
tics help the better understanding of their pattern of com-
petition. Roush and Radosevich (1985) noticed that crop 
biomass is the most simple and rapid measure of species 
competition. Spitters and Kramer (1986) also stated that 
since biomass has direct relationships with absorption of 
limiting resources, it can be used as a suitable index for 
evaluation competition effects on the crop growth.

John and Frank (1983) believed that the factors affect-
ing competition are somehow reflected in canopy devel-
opment. Therefore measuring canopy characteristics in-
tegrates the entire crop or weed competition parameters 
for example species growth characteristics, density and 

relative emergence time. Hargood et al. (1981) stated that 
crop growth rate, leaf area index and dry mater accumula-
tion are suitable scales of crop function which can affect 
competitiveness. Light is one of the important factors af-
fecting crop respondent weed competition which is related 
to leaf area index, light extinction coefficient and intensity 
of weed shading on crop (Cooper, 1977). Growth rate and 
production is highly dependent on leaf area and absorp-
tion of incoming radiation by closed canopy (Muurinen 
and Peltonen-Sainio, 2006). Variability in RUE values can 
be explained in terms of physical and biological factors 
(Rouphael and Colla, 2005). Weed competition is one of 
the biological factors can be affect on RUE via changing 
crop growth characteristics. Board et al. (1990) reported 
that dry matter production and light absorption period 
increased by increasing leaf area index which can be associ-
ated with more yield.

Crops yield will decrease significantly by weed interfer-
ence. Therefore, effective weed management dependents 
on knowledge about the effect of competition on yield 
and yield components (Elkoca et al., 2005). Response of 
the yield and yield component to weeds competition is 
different in crop species during the growth period. Yield 
component in growth duration shows the maximum sen-
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April, 2006. Crop emergence began about 20 days after 
planting. Each plot consisted of four rows (8 m per row) 
with a row spacing of 75 cm. Final potato plant density 
was 5.3 plant m-2 (optimum plant density of commercial 
potato production). In this experiment potato tubers cv. 
Agria (Elite seed class) were used in a field infested with 
natural weed population.

Experimental design 
The experiment was carried out as a randomized com-

plete block design with three replications and twelve 
treatments. The experimental treatments consisted of a 
quantitative series of both increasing duration of weed in-
terference and length of weed-free periods, Twelve treat-
ments including six initial weed-free periods in which plots 
were kept free of weeds for 0 (seasonal-long weed infest-
ed), 10 (WF10), 20 (WF20), 30 (WF30), 40 (WF40) and 50 
(WF50) days after crop emergence (DAE), and then weeds 
were allowed to grow until harvest, and six initial weed-
infested periods in which, weeds were allowed to grow 
for 0 (seasonal-long weed free), 10 (WI10), 20 (WI20), 30 
(WI30), 40 (WI40) and 50 (WI50) DAE, after that the plots 
were kept free of weeds until harvest were used. 

Weed and crop measurement
Weeds began to emerge on the 5 days after crop plant-

ing, and species were the common representation potato 
fields in west regions of Iran. At mean sampling events, 
Chenopodium album L., Amaranthus blitoides L., Ama-
ranthus retroflexus L. and Convolvulus arvensis L. were the 
most abundant weed species. One day before each weed-
removal event, weeds were sampled at the end of weed in-
festation period in weed infestation treatments with a 1.0 
× 1.0 meter quadrate per plot (before each weed removal 
event) and at harvest for weed–free treatments. Weeds dry 
matter was determined after drying at 80°C for 48 hours 
maintaining constant moisture content. Potato sampling 
was started 10 days after tubers emergence and then re-
peated for 10 times in all treatments. Three potato plants 
were harvested from each plot in each sampling.

Data analysis
After determining the potato leaf area, samples were 

dried at 70°C for 48 hours and then weighted. The best 
equations that described the total dry matter accumula-
tion and leaf area index from regression method were cho-
sen using Slide write software. Crop growth rate (CGR), 
was calculated by following equation (1) (Gardner et al., 
1985):

CGR = (W2–W1) / [(t2–t1) × GA]   (1)
Where CGR is the crop growth rate (g m-2 day-1) W1 

and W2 are total dry weight at two successive sampling 
dates (g m-2), respectively, t1 and t2 are time of first and 
second of sampling, respectively and GA is sampling area 
(m2). Leaf area index duration (LAID) was calculated by 
using the following equation (2) (Gardner et al., 1985):

sitivity to weed competition (Stephen et al., 2003). Due 
to a long time from sowing to emergence of potato fields, 
and the long distance among the rows, weeds have enough 
area to growth using abundant water and nutrients which 
directly leads to rapid growth of weeds and decreasing the 
crop yield (Arnold et al., 1998). Therefore, weeds must be 
removed in an appropriate time for achieving to optimum 
yield in potato fields. Weed control allocated a notable 
part of production costs and increases herbicide use and 
pollution (Hall et al., 1992; Morin et al., 2009).

Determination of the critical period of weed control 
(CPWC) can be useful for increasing the herbicides con-
sumption efficiency and decreasing the environmental 
hazards consequently (Knezevic et al., 2002). In this pe-
riod weed management prevents the weed interference 
and crops yield reduction. In various studies, the critical 
period has commonly been defined as days after emer-
gence (DAE) or weeks after emergence (WAE). However, 
critical period have been reported as growing degree days 
(GDD) or crop growth stage in recently studies, which 
would be applicable for comparing critical period across 
different locations and environmental conditions (Stag-
nari and Pisante, 2011). Baziramkenga and Leroux (1994) 
suggested that for obtaining the optimum tuber yield, the 
maximum time that allowed to weeds to grow after potato 
emergence was 15 days, and the value of tuber yield could 
be achieved if the crop was kept free of weeds from its 
emergence until 23 to 68 days. Amador-Ramirez (2002) 
also stated that the onset of CPWC in chili pepper at 5% 
acceptable yield loss level (AYL) was 0.7-3.2 weeks after 
emergence (WAE) and the end of CPWC was 7.4-14.7 
WAE. The onset of CPWC was 1.3-4.5 WAE and the end 
of CPWC was 6.3-12.4 WAE at 10% AYL.

The objective of the present study was to evaluate the 
effect of weed interference periods on growth characteris-
tics, tuber yield and radiation use efficiency of potato

Materials and methods

Site description
A field experiment was conducted during 2006 at the 

Agricultural Research Station of Hamedan (34°52΄ N lati-
tude, 48°32΄ W longitude and 1741.5 m a.s.l.), in the west 
region of Iran. The soil type was a sandy loam with a pH 
of 8.2 and 0.9% organic matter. The land was ploughed 
and cultivated before planting. No pre-emergence or pre-
sowing herbicide was used. According to the local soil test 
recommendations, basal doses of 400 kg ha-1 Urea, 100 kg 
ha-1 Triple Super Phosphate and 200 kg ha-1 Potassium 
Sulfate were incorporated into the soil. All phosphate 
and potassium and 1/3 of urea fertilizers were used in the 
planting stage, and the remainder urea was applied at two 
stages (one week before and in the middle of tuber forma-
tion). In order to protect potato tubers against soil-borne 
diseases, they were treated with Ditan 45T1 [Mankozeb in 
0.8% (w/w)] before sowing. The crop was planted on min 
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LAID = ∑ [(LAI2+LAI1) / 2 (t2–t1)]  (2)
Where LAID is the leaf area index duration, on the ba-

sis of LAI in day, LAI1 and LAI2 are leaf area indices at two 
sampling dates, respectively

Light measurement
In order to determine light absorption by potato can-

opy in each treatment, the amount of light in the top and 
under the canopy was measured from 10 DAE at 10-day 
intervals for 8 times by tube spectrometer (LICOR-LI-
250-A model). Weeds were removed before light measure-
ment in the infested treatments. Potato light absorption 
was calculated with the following equation (3) (Gardner 
et al., 1985) and Light Extinction Coefficient (K), as the 
slope of linear regressing between – ln (I/I0) and LAI, 
(equation 4) (Gardner et al., 1985):

%I abs = (I0–I) ⁄ I0 × 100   (3)
Ln (I/I0) = - K × LAI     (4)
Where %I abs is the light absorbed by the potato canopy, 

I0 is over canopy light, I is under canopy light and K is Light 
Extension Coefficient. To calculate the amount of daily 
radiation latitude, sunny hours and angstrom coefficient 
were used (Bange et al., 1997; Nassiri Mahallati, 1998). 
In this study absorbed photosynthetically active radiation 
(PAR) was 50% of the total radiation. Total absorbed light 
in each treatment was determined from the percentage of 
light absorbed multiplied by the total radiation incoming 
in to the canopy. Radiation use efficiency (RUE) on the 
basis of g.MJ-1 was calculated through the slope of linear 
regressing between dry matter accumulation (g m-2) and 
total absorbed photosynthetically active radiation (PAR) 
(Bange et al., 1997; Nassiri Mahallati, 1998). In order to 
determine the trend of light absorption, the best equa-
tions which describe the changes of light absorption over 
the time were selected from regressing method using Slide 
write software.

Yield and critical period of weed control (CPWC)
Crop yield at full maturity was measured from two 

square meters in two central rows. To determine the criti-
cal period of weed control in potato equations for show-
ing relationship between relative yield of potato and weed-
interference were fitted by using of nonlinear regression. 
The Gompertz equation (5) (Ratkowsky, 1990) was used 
to describe the effect of increasing duration of weed-free 
period on potato tuber yield:

Y = A × exp [-B × exp(-K × GDD)]  (5)
Where Y is the yield as a percentage of the weed-

free control, A is the upper asymptote, B and K are 
parameters that determine the shape of the curve, and 
GDD is the length of the weed-free period after crop 
planting on basis of growing degree days. 

A logistic equation (6) (Ratkowsky, 1990) was used to 
describe the effect of increasing lengths of weed-infested 
period on the tuber yield of potato:

Y = C + ( D / [ 1+exp (-A+B × GDD)]) (6)

Where Y is the yield as a percentage of the weed–free 
control, A and B are parameters that determine the shape 
of the curve, C is the lower asymptote, D is the difference 
between the upper and lower asymptotes and GDD is the 
duration of weed interference measured from the time 
of planting in growing degree days (°C). Growing degree 
days (GDD) from the crop emergence were determined 
using minimum and maximum air temperature from a 
nearby weather station. A base temperature (Tb) of 4°C a 
maximum temperature of 30°C was used as the minimum 
and maximum temperatures for potato growth, respec-
tively. Determination of the CPWC in this study was on 
the basis of arbitrarily chosen yield loss levels of 5% and 
10%. This yield loss level was judged to be acceptable, tak-
ing into account the present economics of weed control, 
e.g. the cost of weed control, potato prices and tuber yield. 
The relationships between treatments and weed biomass 
were described using PROC REG in SAS (SAS Institute, 
1999). The relationship between weed dry weight and the 
treatments was described using an exponential equation 
(7) to the series of weed–free treatments (Sit and Costello, 
1994):

Y = aebx      (7)
Where, Y is the weed dry weight (g m-2), a and b are 

constants of curve and X is the length of weed-free period 
(in GDD). Schumacher’s (1939) model was fitted to the 
weed-infested treatments and weed biomass accumula-
tion. 

Y= ea+b/x      (8)
Where, Y is the weed dry weight (g m-2), a and b are 

constants of curve and X is the duration of weed infested 
period (in GDD).

Results and discussion 

Weed species composition
The weed community was composed of 12 species. 

Tab. 1 shows the weed species and weed dry weight. The 
dominant weed species were C. album, A. blitoides, A. ret-
roflexus and C. arvensis (Tab. 1). All the species are repre-
sentative of common potato fields in west region of Iran. 
C. album had the highest weed biomass (132.4 g m-2) and 
Portulaca oleracea had the lowest weed biomass (3.1 g m-2) 
in the total weed infestation treatment. The weeds bio-
mass increased with increasing duration of the weed infes-
tation and decreased with increasing duration of the weed 
free period (Fig. 1). These results agree with Thackral et al. 
(1989) who stated that the total dry weight of weeds the 
greatest in the unweeded control, followed by weeding at 
10 weeks after planting treatment. The results showed that 
C. album because of the highest dry weight had the most 
effect on the loss potato yield (Tab. 1). Since C. album is 
one of the most dangerous weeds which emerge in the be-
ginning of growing season in the potato fields, therefore 
this subject has an important role in time of weed removal 
and choosing a suitable method for weed control in the 
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55 days after emergence (DAE) attained to its maximum. 
Maximum LAI in the weed infestation was higher than 
the weed free and later reached its maximum in 5 days due 
to weed competition that indicates the higher weed dam-
age in weed infest compared to weed free treatments.

Weeds decreased potato LAI, as at 55 DAE (maximum 
LAI), in the weed interference periods until 10, 20, 30, 40 
and 50 DAE and in the seasonal-long weed infest than the 
seasonal-long weed free treatment, LAI decreased by 3.8, 
9.6, 19.2, 28.8, 32.7 and 36.5 percent, respectively (Fig. 2). 
The same was observed in the early growing season weed 
competition decreased LAI showing the important once 
of weed control in the beginning of growing season to at-
tain higher yield. Results presented by Cox et al. (2006) 
regarding corn are supported by these results, too. They 
stated that weed interference in the early growing season 
caused reduction in LAI. Potato LAI also increased with 
prolonged weed free period, as the LAI is mostly attribut-
ed to the weed free treatment. Maximum LAI in the weed 
free periods until 10, 20, 30, 40 and 50 DAE and in the 
seasonal-long weed free treatment than those of seasonal-
long weed infest treatment increased by 7.5, 23, 35, 50, 53 
and 61 percent, respectively (Fig. 2).

potato fields. A. blitoides and A. retroflexus were emerged 
after than C. album, therefore were competed at short 
time with potato. Since these weeds emerged later than C. 
album, thus it can be concluded which of them had lower 
damage for potato.

Leaf area index (LAI)
Leaf area index (LAI) had a similar trend in all treat-

ments regardless of the durations of weed free and the 
weed infestation periods (Fig. 2). As in the beginning of 
growing season, potato LAI increased gently and about 

Tab. 1. Weed composition and average dry weight (g m-2) in 
weed-free control measured at the crop harvest 

Weed species Dry weight
Chenopodium album 132.43
Amaranthus blitoides 126.07

Amaranthus retroflexus 71.93
Convolvolus arvensis 31.30
Echinocloa crusgali 15.33
Orobanch egyptica 11.30

Daucus carotta 10.60
Heliotropiam sp. 10.17
Tribolus trestris 7.17

Eragrostis poaoides 6.73
Cynodon dactylon 4.67
Portulaca oleraceae 3.10
Weed total weight 430.8

Fig. 1. The effects of increasing duration of the weed interference (a) and the weed free (b) periods from 
crop sowing date on weed biomass. Symbols indicate observed data (see Tab. 2. for coefficients)

Fig. 2. The effects of increasing duration of the weed free (a) and the weed interference (b) periods from crop 
sowing date on leaf area index. Symbols indicate observed data

Tab. 2. Parameter values for response curves based on 
Schumacher’s model (a) and exponential model (b) 

Equation model A B R2

(a) Y = ea+b/x 757.6417 -0.00132 0.95
(b) Y = aebx 6.848766 -1622.3 0.95
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LAID saw between 20th DAE until 50th DAE. Therefore, 
we can conclude that the weed control between 20th DAE 
until 50th DAE was more effective in increasing LAID. 
Hall et al. (1992) showed that weed competition in corn 
could be caused by decreasing LAID. Fig. 3 also shows 
that with increasing duration of the weed free period 
LAID increased, as increase of the weed free period caused 
an increase 64.5 percent LAID in the seasonal-long weed 
free treatment than that of the weed infestation treatment. 
Hall et al. (1992) stated that the corn LAID increased due 
to the reduction of weed competition. LAID is one of the 
traits in determining crop yield, weeds via decreasing po-
tato LAI (Fig. 2), specially after tuber formation, caused 
more reduction in this index, thus potato yield showed a 
lot of loss itself.

Potato light absorption
Regardless of the duration of the weed interference 

period, potato light absorption increased with increasing 
LAI. The light absorption reached the maximum amount 
of about 55 DAE. It was 83 percent for the weed free treat-
ment (Fig. 4) after that (about 60 DAE) light absorption 
due to reduction LAI and lodging of potato canopy, had 
decreasing trend and until the final stage of growing sea-
son reduced gently. Weed competition resulted in the re-
duction of potato light absorption, as at duration of the 
weed interference until 10, 20, 30, 40 and 50 DAE and 
in the weed infestation total treatment than the weed free 
total treatment, potato light absorption decreased by 2.4, 
8.1, 17.4, 22.1, 27.3 and 31.4 percent, respectively (Fig. 4). 
Potato light absorption increased with increasing duration 
of weed free period, too (Fig. 4). Maximum light absorp-
tion at duration of the weed free until 10, 20, 30, 40 and 
50 DAE and the weed free total treatment than the weed 
infestation total treatment, increased by 7.6, 16.7, 29.3, 
45.8, 54.9 and 58.9 percent, respectively (Fig. 4). Some 
researchers stated that with the increasing of population 
and biomass of oat (Avena fatua) in wheat (Cudney et 
al., 1989) and barley (Lish and Thin, 1990) light absorp-

Therefore the results showed that the weed free periods 
as compared to the weed infested periods had more effects 
on potato LAI. This subject indicates more important pre-
viously weeds control in various crops. Crotser and Witt 
(2000) showed that the weed free periods caused increase 
in LAI in the various crops, too. Weed removal caused re-
duction in weed competitiveness on potato. In the absence 
of weeds, light and more consuming factors absorbed by 
plant and this subject caused an increase in leaf area in-
dex and potato photosynthesis. Increased LAI caused an 
increase in light absorption and photosynthesis which led 
to an increase in total dry matter and potato yield. Cox et 
al. (2005) also reported weed competition reduced corn 
LAI.

Leaf area index duration (LAID)
The weed free and weed interference periods had a 

significant effect on Leaf area index duration (LAID) 
(Fig. 3). The most LAID was attributed to the seasonal-
long weed free treatment (244.4 LAI-day) and the lowest 
LAID are attributed to the weed infestation total treat-
ment (148.6 LAI-day). With increasing duration of the 
weed interference period and decreasing duration of the 
weed free period LAID was reduced. Increasing the dura-
tion of the weed interference period caused a reduction of 
39.2 percent LAID in the weed infestation treatment than 
that of the weed free treatment.

It seems that cause be of the weed shading on the po-
tato’s lower leaves these leaves were reached Light Com-
pensation Point. This was a result of earlier abscission of 
leaves and as reduced LAI (Fig. 2) and LAID (Fig. 3). Fig. 
3 showed that duration of the weed interference until 10 
DAE and also duration of the weed interference after 30 
DAE had similar effects on LAID. Therefore, weed com-
petition between 30th DAE and after 50th DAE had the 
most effect on the reduction the LAID. Effects of dura-
tion of the weed free until 20 DAE and duration of the 
weed free after 50 DAE was the same similar on LAID, 
too. Thus, the most important effect of weed control on 

Fig. 3. The effects of increasing duration of the weed free (WF) and the weed inter-
ference (WI) periods from crop sowing date on leaf area index duration
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ration of the weed interference the K decreased gently, as 
the total weed interference period in comparison to total 
weed free period, resulted to decrease 30.5 percent in the 
K. Tab. 3 also shows that the significant effects of long of 
the weed free periods on the K. Increasing the weed free 
period than the weed infestation increased 45 percent in 
the K which shows the more important weed control for 
the K in the early of the growing season in comparison to 
the end of growing season, too. It seems that weeds via de-
creasing potato LAI (Fig. 2) and number of stem minor 
(results not shown) resulted to decrease in K.

Radiation use efficiency (RUE) 
Radiation use efficiency (RUE) reduced with the de-

crease in duration of the weed free period and increas-
ing duration of the weed interference period. The lowest 

tion by crop canopies was decreased resulting in reduced 
crops yield. Moreover, results showed in comparison to 
the durations of the weed free than durations of the weed 
interference had higher effects on potato light absorption. 
This subject shows the more importance of weed control 
at the beginning of the growing season to inhibit decrease 
of light absorption. This subject is the reason of decrease 
in photosynthesis and dry matter accumulation. Other in-
vestigations showed that the increase in light absorption 
by crops caused to increase their compatibility against 
weeds that this subject caused to increase in the crops yield 
(Mesbah et al., 1995). 

One of the most important targets in field manage-
ment, especially in relation with weed competition against 
crops, is the most capture of sun energy by crops.  This 
subject was reason for the increase crops yield. Among 
effective factors in competition, light is one of the most 
important environmental factors, because there isn’t any 
location for saving light (Daugovish et al., 1999).

Light extinction coefficient (K)
Light extinction coefficient (K) is one of the canopy 

characteristics structure. The results showed that there 
was a significant effect on the K in the potato canopy. 
Maximum K was related to the weed free total treatment 
(0.432) and minimum K was related to the weed infesta-
tion total treatment (0.298) (Tab. 3). By increasing the du-

Fig. 4. The effects of increasing duration of the weed free (a) and the weed inter-
ference (b) periods from crop sowing date on light absorption. Symbols indicate 
observed data

Fig. 5. The effects of increasing duration of the weed free (WF) and the weed inter-
ference (WI) periods from crop sowing date on Radiation Use Efficiency

Tab. 3. The effects of increasing duration of the weed free and 
the weed interference periods from crop sowing date on light 
extinction coefficient

Duration of the weed free and the weed 
interference periods (day)

0 10 20 30 40 50
interference 0.432 a 0.422 a 0.392 ab 0.333 ab 0.303 b 0.299 b

free 0.289 b 0.289 b 0.311 b 0.337 ab 0.387 ab 0.430 a
* Indicates values are significantly different from 1 at the P< 0.1 level based on
Duncan’s Multiple Range Test.
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optimum in the crops canopy. Since light is one of not sav-
able sources by plant thus all negative effects produced in 
light consuming by crops, resulted to decrease crops com-
petitiveness against weeds which reduce qualitative and 
quantitative crops yield finally.

Crop growth rate (CGR)
The results showed that CGR reached to a maximum 

of about 55 DAE in all treatments. In weed free treatment, 
CGR was 26 g m-2 day-1 (Fig. 6). Because of aging and ab-
scission of bottom the leaves and the decreasing in ability 
of their photosynthesis ability, CGR detected a reducing 
trend of about 60 DAE.

Durations of the weed interference and the weed free 
had a significant effect on CGR (Fig. 6). With prolonged 
of the weed interference CGR reduced gently. Weed com-
petition in the interference treatments until 10, 20, 30, 40 
and 50 DAE and in the weed infestation total treatment 
in comparison to the weed free total treatment caused a 
decrease in CGR about 5.6, 13.9, 24.2, 28.2, 34.1 and 40.1 
percent, respectively (Fig. 6). This subject maybe is due to 
sooner abscission of leaves at down of canopy and more 
falling rate of because of weed interference, light compe-
tition and weed shading on potato. Therefore, through 
Yield Constancy Law, content of dry matter in a unit of 
the land area is a content of auxiliary. Thus, through to this 
law, with increasing the duration of the weed interference 

RUE could be attributed to the weed infestation treat-
ment (0.97 g MJ-1) and the highest RUE was attributed 
to the weed free treatment (1.10 g MJ-1) (Fig. 5). RUE in 
the weed infestation treatment in comparison to the weed 
free treatment, reduced 11.8 percent (Fig. 5). It seems 
that weeds via competition for resources and decreasing 
photosynthesis and dry matter accumulation (Fig. 7) re-
sulted in the decrease in potato RUE. Cavero et al. (1999) 
also showed that with decreasing prolong of the weed free 
RUE of corn reduced.

There wasn’t any significance difference between RUE 
for the weed free period until 20 DAE and the weed free 
after 40 DAE (Fig. 5). Therefore, weed control from 20th 
DAE until 40th DAE had the most positive effect in RUE. 
Because critical period of weed control in potato also at-
tained the confine (Fig. 9), thus, it can introduced that 
reduction of the RUE in this period as one of the effective 
factors in reducing potato yield. Beyshlang et al. (1990) 
also stated that, wheat RUE had a significant loss in com-
petition with wild oat (Avena fatua).

Monteith (1977) reported a linear relation between 
dry matter accumulations and light absorption. The slope 
of this linear regression is the RUE which it is adequate 
with net photosynthesis (Monteith, 1977). To determine 
the effects of weed competition on RUE and photosyn-
thetically active radiation is very important (PAR). Weeds 
competition for light caused to prevent consume of light 

Fig. 7. The effects of increasing duration of the weed free (a) and the weed interference (b) 
periods from crop sowing date on total dry matter. Symbols indicate observed data

Fig. 6. The effects of increasing duration of the weed free (a) and the weed interference (b) 
periods from crop sowing date on crop growth rate. Symbols indicate observed data
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cent, respectively (Fig. 7). Cox et al. (2005) also showed 
that weed competition against corn in the beginning of 
growing season reduced TDM. Moreover, increasing the 
duration of the weed free period was a reason for the in-
crease in potato TDM. As in the weed free treatments 
until 10, 20, 30, 40 and 50 DAE and in the weed free to-
tal treatment in comparison to the weed infestation total 
treatment TDM increased 9, 22, 34, 56, 67 and 79 per-
cent, respectively (Fig. 7). These results correspond to the 
results obtained by Bukun (2004), who stated that cotton 
TDM increased with increasing the duration of the weed 
free period gently. Amador-Ramirez (2002) also inducted 
in experimental on pepper that increasing duration of the 
weed free period caused to increase pepper yield.

Weed proximity with potato during growing season 
or abundant part of the growing season reason a reduc-
tion potato dry matter. Weeds usually decrease TDM in 
the various crops via both competition for resource and 
allelopathy. These results were in accordance with the re-
sults attained by Traore et al. (2003), they indicated that 
sorghum (Sorghum vulgare) TDM in competition with 
Abotylon tephrasti reduced extremely because of consumed 
resources. Leaf area index is the most important factor 
which resulted in the increase of total dry matter in vari-
ous crops. LAI with TDM have a direct relation. Weed via 
competition for limiting factors for example, light, water 
and nutrient was reason for reduction LAI (Fig. 2), LAID 
(Fig. 3) and light absorption (Fig. 4) by potato canopy. 
Thus potato photosynthesis and dry matter accumulation 
reduced. This subject caused a reduction in potato TDM 
against weed competition.

Final tuber yield
The obtained results showed that duration of the weed 

interference period had a significant effect on the final 
tuber yield. The potato final tuber yield reduced with in-
creasing the duration of the weed interference period, as in 
the weed infestation total treatment in comparison with 
the weed free total treatment, with reduction 54.8 per-
cent, the tuber yield of potato reduced from 66170 kg ha-1 

period, increased total weed dry weight (Tab. 1), thus to-
tal dry matter of potato in a unit of the land area reduced 
(Fig. 7), therefore, because of strong relationship between 
dry weight of potato and potato growth rate this result 
was acceptable. Cathcart and Swanton (2004) indicated 
that with increasing duration of the weed infested, corn 
CGR decreased extremely, too. Moreover, results showed 
that CGR increased with the increase in the duration of 
weed free period (Fig. 6), as weeds were removed in the 
weed free periods until 10, 20, 30, 40 and 50 DAE and 
the weed free total period than the weed infestation pe-
riod, maximum of potato CGR increased by 4, 13, 19, 36, 
49 and 58 percent, respectively. Decrease in corn CGR in 
competition against Datura sp. (Cavero et al., 1999) and 
Cynodon dactylon (Fernandez et al., 2002) was reported, 
too. Moreover, Ahmadvand et al. (2009) stated that one 
of the important factors in successful crops against weed 
competition is higher crop CGR. Hargood et al. (1981) 
reported that CGR is a proper index for studying crops 
competitiveness against weeds, too. CGR is the growth in-
dices which are calculated for showing effects of limiting 
environmental factors in the most crops. CGR has a direct 
relation with LAI and total dry matter, as each type reduc-
tion in these indices that cause a decrease in CGR.

Total dry matter (TDM)
In the beginning of the growing season the trend of 

total dry matter accumulation of potato in the weed free 
and the weed infestation periods was in the same. Because 
in the beginning of growing season the plants were very 
small thus there was not interference and competition be-
tween crop and weeds. Weed competition started at about 
40 DAE and intensified with the increase in the duration 
of the weed interference period and decreasing duration 
of the weed free period (Fig. 7). With increasing duration 
of the weed interference period, potato TDM reduced, as 
in about 90 DAE, in the weed infestation treatments until 
10, 20. 30, 40 and 50 DAE and in the weed infestation 
total treatment than those of the weed free total treatment 
TDM decreased 4.4, 10.2, 12.2, 23.3, 37.8 and 44.4 per-

Fig. 8. The effects of increasing duration of the weed free (WF) and the weed interfer-
ence (WI) periods from crop sowing date on final tuber yield
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not able to compete with potato and weed controls were 
due to decrease in weed dry weight. Weed competition did 
not have any effect on potato final yield in beginning of 
the growing season. The reason for this subject was small 
size and demand of plants, abundance of resource and fi-
nally didn’t start competition between weeds and potato. 
Therefore with reference to these results, a control period 
between 20th DAE until 60th DAE was sufficient for inhi-
bition from potato yield reduction. This period accorded 
to critical period of the weed control in potato. Thackral et 
al. (1989) reported increasing in potato final yield because 
of increasing duration of the weed free period, too.

The critical period of the weed control (CPWC) in 
potato
Predicted and observed relative potato yield being 

affected by duration of the weed-infested or weed–free 
periods are shown in Fig. 9. The onset of the CPWC in 
potato was calculated from the above mentioned equa-
tions became earlier as the predetermined acceptable yield 
loss level (AYL) increased from 5% to 10% (Tab. 6). The 
beginning of the CPWC was 486 GDD at 5% AYL and 
572 GDD at 10% AYL (Tab. 6). This equates to 11 and 19 
DAE, respectively. The end of the CPWC was 1372 GDD 
at 5% AYL and 1064 GDD at 10% AYL, which equates 
to 63 and 51 DAE, respectively. The end of the CPWC 
increased as the AYL decreased from 10% to 5% (Tab. 6). 
Results showed that since the potato tubers were planted 
in 75 cm rows, therefore in the beginning of the growing 

to 29940 kg ha-1 (Fig. 8). This is in agreement with Thack-
ral et al. (1989) who stated that with increasing duration 
of the weed infestation potato tuber yield decreases signifi-
cantly. Bukun (2004) reported similar results on biomass 
and plant height of cotton, too. Amador-Ramirez (2002) 
and Mohammadi et al. (2004) also reported similar results 
on pepper and chickpea, respectively. The reduction trend 
of potato tuber yield could be related to weed shading and 
reduction potato yield components (results not shown). 
Petroviene (2002) showed that the final tuber yield of 
potato reduced with increase in the duration of the weed 
interference period, too. Fig. 8 also showed that, potato 
final tuber yield had a significant increase with increasing 
duration of the weed free period. 50 days of the weed free 
period is sufficient to increase the potato final tuber yield 
121 percent in comparison to the weed infestation treat-
ment (Fig. 8). Petroviene (2002) showed that potato final 
tuber yield increased with the increase in the duration of 
the weed free period, too.  

It seems that in the weedy conditions intensified inter-
competition and pressure of the weed biomass resulted 
in the reduction in potato yield. Potato final yield did 
not show a significant difference between duration of the 
weed free until 20 DAE and durations of the weed free 
after 50 DAE (Fig. 8). In fact after 50 DAE weeds were 

Tab. 4. Parameter values for tuber yield response curves based 
on logistic model: Y = (C + D/(1+ exp (-A + B*GDD)))

Coefficients
A B C D R2

4.432431 0.005897 45.65407 59.65908 0.99

Tab. 5. Parameter values for tuber yield response curves based 
on Gompertz model: Y = A * exp (-B* exp (-K*GDD))

Coefficient
A B K R2

103.5984 2.101224 0.002323 0.96

Tab. 6. Onset and end of the critical period of weed control 
in potato based on growth degree days (GDD) and days after 
emergence (DAE)

10% AYL* 5% AYL
onset end onset end

DAE GDD DAE GDD DAE GDD DAE GDD
51 1164 19 572 63 1372 11 486

* Acceptable yield loss level

Fig. 9. Effect of the weed interference on potato relative yield. Increasing duration of the weed interference (triangles) and fitted 
curves as calculated by the logistic equation. Increasing duration of the weed free period (squares) and fitted curves as calculated by 
the Gompertz equation. Symbols represent observed data. Horizontal dashed lines indicate the 5% (a) and 10% (b) acceptable yield 
loss level respectively used to determine the CPWC, whereas vertical dashed lines indicate the beginning and the end of CPWC. 
Parameters for fitted curves given in Tab. 4 and 5
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