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ABSTRACT 

The objective of this research was to determine the 

minimum period during which fall-seeded sugarbeet 

should be kept weed-free in the Gharb region of 

Morocco to limit root and extractable sucrose yield loss, 

and to determine the persistence of weed control with 

preemergence (PRE) or postemergence (POST) 

herbicides. Continuous post-planting hand-weeding for 

17 weeks and 15 weeks in 1990, and for 15 weeks and 

12.5 weeks in 1991 were required to limit sugarbeet root 
yield loss to 5% and 10%, respectively. Sucrose content 
did not vary with increasing weed-free duration. Weed 
dry weight produced during the growing season and the 
reduction of cumulative leaf area duration explained 
most of the reduction in sugarbeet root yields. High 
cumulative leaf area duration was the result of high leaf 
area expansion rate. PRE herbicides gave poor weed 
control and resulted in 100% and 85% sugarbeet yield 
loss in 1990 and 1991, respectively. The combination of 
PRE and POST herbicides improved weed control, but 
yield loss was still significant ; 34% in 1990 and 48% in 
1991. Nomenclature: Pyrazon, 5-amino-4-chloro-2­
phenyl-3(2H)-pyridazinone; Ethofumesate, «±)-2­
ethoxy-2,3-dih ydro-3,3-dimethyl-5-benzofuranyl 
methanesulfonate); Fluazifop, (R)-2-[ 4-[[5-( trifluoro­
methy 1)-2-pyrid inyl]oxy]phenoxy] propanoic acid; 
Lena cil, (3-cyclohexyl-6,7-dihydro-l H-cyclopenta­
pyrimidine-2,4(3H, 5H )-dione; Phenmedipham, 3­
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[(methoxycarbonyl) amino ]phenyl(3-methylphenyl)car­
bamate; Sethoxydim, 2-[1-( ethoxyimino )butyl]-5-[2­
(ethylthio )propyl]-3-hydroxy-2-cyclohexen-1-one; TeA, 
(trichloroacetic acid). 

Additional index words. Weeds, Interference, Simulation. 

Poor stand establishment, inadequate weed control and 

inadequate nitrogen fertilization are the main causes of low tonnage and 
poor quality sugarbeet in Morocco. Farmers use polygerm varieties 
exclusively because of the lack of seed bed preparation and seeding 
equipment necessary for the effective use of monogerm varieties. Future 
use of mono germ varieties would make stand establishment and weed 
control even more crucial. In most years in Morocco, weeds can cause 
more than 75% yield reduction (Rzozi, unpublished data; Rzozi et al., 
1990). Such reductions indicate complete crop failure because small 
sugarbeet roots produced under severe weed competition cannot be 
processed. In other countries, weeds also seriously suppress sugarbeet 
yield (Schweizer and Dexter, 1987). 

The minimum weed-free period for a crop is the minimum length 
of time after seeding or emergence that a crop must be kept weed-free so 
that later-emerging weeds do not reduce yield. This period relates to the 
required length of residual activity for a soil-applied herbicide. The 
earliest date at which weeding could cease in sugarbeet without significant 
yield loss has been shown to be between 4 and 12 weeks, depending on 
sowing date, rainfall and weed infestation (Link and Koch, 1984; Scott 
et aI., 1979; Singh et aI., 1981). Studies on the competitive effect of 
weeds in sugarbeet have been numerous under temperate climates 
(Dawson, 1965; Farahbakhsh and Murphy, 1986; Schweizer and Dexter, 
1987; Scott et aI., 1979; Zimdahl and Fertig, 1967), but little is known 
about when and how weeds affect growth and yield of fall-seeded 
sugarbeet in Morocco. This research was conducted to: (i) determine the 
minimum period sugarbeet should be kept weed-free after planting in 
the Gharb region to limit yield loss from late emerging weeds, (ii) assess 
the efficacy of PRE and POST herbicides in controlling weeds, and (iii) 
determine sugarbeet growth parameters which explain differences 1D 

sugarbeet yield. 

MATERIALS AND METHODS 

General procedures. 
Field experiments were conducted at the LA.Y. Hassan II 

Experimental Station located in the Gharb plain, 70 km north of Rabat, 
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Morocco. The soil at the experimental site was a Typic Haploxeroll with 
2.4% organic matter, 5% sand, 59% silt, 36% clay, and pH 8.2 in 1990 
and a Typic Xerochrept with 2.1 % organic matter, 8% sand, 64% silt, 
and 27% clay, and pH 8.2 in 1991. Plots were moldboard plowed on 
October 17, disked twice and harrowed on October 25 for seedbed 
preparation in both years. Prior to seeding, plots received 90 kg N, 144 
kg P, SO kg Klha and an additional 90 kg Nlha at thinning. Sugarbeet cv. 
'Tribel', a poly germ variety, was seeded manually in a freshly prepared 
seedbed, 2 cm deep in 70-cm wide rows with a spacing of 9 cm between 
seeds on October 28 in both 1990 and 1991. The experimental fields 
were irrigated on November 10 and May 25 in 1990 and on November 3 
and May 22 in 1991. Sugarbeet was thinned by hand on December 24 in 
1990 and December 4 in 1991 to leave a uniformly spaced population 
estimated at 79,000 plants/ha. Individual plots consisted of 10 rows , each 
10 m long. 

Experimental design. 
Several weed-free periods were compared to full-season 

weeding and to a weedy control. Weeds were removed frequently by 
shallow hand-hoeing and hand-pulling. Weeds that emerged after the 
specified weeding period were allowed to grow until sugarbeet harvest. 
The weed-free durations were: 0, 3, 7,11,15,19,23, or 30 weeks after 
emergence of sugarbeet (WAE). 

PRE, and the combination of PRE plus POST herbicide 
treatments were compared to the weed-free treatments to estimate the 
duration of effective weed control from herbicides. Herbicide treatments 
were: PRE pyrazon at 3.4 kg ai/ha plus TCA at 14.2 kg ai/ha in 1990; 
PRE lenacil at 0.42 kg ai/ha plus ethofumesate at 1.05 kg ai/ha in 1991; 
PRE pyrazon at 3.4 kg ai/ha plus TCA at J 4.2 kg ai/ha, followed by 
POST phenmedipham at 0.80 kg ai/ha plus sethoxydim at 0.25 kg ai/ha 
in 1990; and PRE pyrazon at 3.4 kg ai/ha, followed by POST 
phenmedipham at 0.80 kg ai/ha plus tluazifop at 0.48 kg ailha in 1991. 
PRE and POST herbicides were applied in water with a compressed air 
backpack sprayer using tlat fan nozzle tips which delivered a spray 
volume of 250 Llha at 200 kPa. 

Measurements and statistical analysis. 
Weed density and dry weight were measured seven times in all 

plots in both years. At each sampling date, one frame of 0.7 m1 per plot 
was placed randomly over the two rows used for multiple sampling. 
Weeds within the sampling area were removed by hand, grouped by 
species and counted. Weeds were dried at 60 C for 48 h and weighed to 
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determine relative contribution of species to total weed dry weight. All 
weed data were subjected to analysis of variance. Data from the 2 years 
were analyzed separately because of the significant interaction between 
years and treatments. Treatment means were compared by Fisher 's 
protected Least Significant Difference (a = 0.05). To make quantitative 
interpretations from the range of weed-free durations tested, regression 
analysis was performed on maximum total weed dry weight as affected 
by the weed-free duration. 

Sugarbeet growth was assessed at the same time as weed 
sampling. Samples of sugarbeet were taken from 1 m of two rows for all 
plots. The sampled sugarbeet roots were dug and the crown and leaves 
were separated from the root by cutting at the lowest leaf scar. The crown 
and leaves were separated into lamina, petioles, and crown. A sample of 
green leaves was taken for measurement of leaf area. The fresh weight 
of each plant part was recorded and one sample, from each plant part, 
per replicate was dried at 60 C for 48 h to determine percent dry weight. 
Leaf area, measured by an electronic leaf area meter (LI-COR 3000), 
served to estimate leaf area index (LAI), leaf area duration (LAD) and 
specific leaf area (SLA). The final harvest sampling took place on June 
19 in 1990 and June 17 in 1991. Sugarbeet roots were dug from 6 m of 
each of two adjacent rows per plot, counted to determine plant population, 
and weighed to estimate root yield. A sub-sample of 15 to 20 kg of 
sugarbeet roots per plot was passed through a multiple blade saw 2 to 3 
h after harvest to produce brei. Sucrose content was determined at the 
sugarbeet factory and 20 to 40 g of brei was immediately frozen for 
quality analysis. Brei samples were analyzed (Reinefeld et aI., 1974) for 
sodium (Na), potassium (K), and amino-nitrogen (amino-N). Equation 1 
(Reinefeld et aI., 1974), was used to estimate percent sucrose ending in 
molasses (Sm %). 

Sm(%) = 0.343 (Na + K) + 0.094 amino N - 0.31 [IJ 
Sm is expressed in g/lOOg beets; amino-N, Na and K are expressed in 
mmo\1l00 g beets. 

Extractable sucrose( %) = sucrose content( %) - Sm( %) [2J 
Sucrose content of weedy sugarbeet, sugarbeet kept weed-free for 3 WAE, 
and sugarbeet that received PRE herbicides were not integrated in the 
analysis of variance for quality parameters in 1990. Sugarbeet plants in 
these plots died before harvest or roots were too small for an adequate 
brei sample from the multiple blade saw. 

The experiment was a randomized complete block design with 
four replicates. Data on sugarbeet growth parameters and yield 
components were subjected to an analysis of variance. The means were 
compared using Fisher's protected LSD (a=0.05). To make quantitative 
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interpretations from the range of weed-free durations tested, the 
relationship between sugarbeet root and extractable sucrose yields and 
weed-free duration was analyzed by fitting the data separately for each 
year, to a Gompertz function. 

Climate. 
Mean monthly temperatures varied between 11 C in January 

and 23 C in June in 1990, and between 6 C in January and 25 C in June 
in 1991. Cumulative rainfall was 425 mm in 1990 and 462 mm in 1991 
(Figure 1). Water applied by irrigation (80 mm) was not added to the 
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Figu re 1. Cumulative rainfall from September to July for 1990 and 1991, 
at Hassan II Institute of Agronomy and Veterinary Medicine experimental 
station, Gharb, Morocco. Water supply through irrigations was not 
included in the cumulative rainfall. 

precipitation total in Figure 1. The long-term average annual rainfall in 
the Gharb is 570 mm. 

RESULTS AND DISCUSSION 

Characterization of weed flora in the experimental site. 
For both years, annual weeds were dominant, and represented 

92% of total species. T he only exceptions were field bindweed 
(Convolvulus arvensis L.) and broadleaf plantain (Plantago major L.) in 
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1990, and field bindweed and purple nutsedge (Cyperus rotundus L.) in 
1991, all other species were annuals. Dicotyledonous (dicots) weed 
species were dominant with a relative contribution of 83% in 1990, and 
80% in 1991 of the total species, which is in concordance with other 
reports for Morocco (Anonymous, 1987; Pedzoldt and Bennani , 1975; 
Rzozi, 1993; Tahri, 1979). Monocots were mostly Italian ryegrass (Lalium 
multiflarum Lam.), littleseed canarygrass (Phalaris minor Retz.), and 
wild oat (Avena sterilis L.) in 1990 and annual bluegrass (Poa annua 
L.), little seed canarygrass and Italian ryegrass in 1991. Dicot weeds 
were predominently wild mustard (Sinapis arvensis L.) and bristly 
ox tongue (Picris echioides L.) in 1990 and chicory (Cichorium endivia 
L.), greater ammi (Ammi majus L.) and blue pimpernel (Anagallisfaemina 
Lois) in 1991. 

Based on the duration and period of maximum weed growth, 
two categories of weed species were distinguished: (i) Fall and winter 
growing species which included short-lived species, such as annual 
bluegrass, and toad rush (Juncus bufonius L.) in 1990 and annual 
bluegrass, threelobe buttercup (Ranunculus trilabus Desf), roughseeded 
buttercup (Ranunculus muricatus L.) and blue pimpernel in 1991, and 
long-lived species, such as ryegrass, Iittleseed canarygrass, and greater 
ammi for both years, and wild oat, plus bristly oxtongue in 1990 and 
wild mustard in 1991. The long-lived fall and winter species produced 
plants that were taller than sugarbeet and had dense leaf cover and high 
biomass during active sugarbeet growth period. Long-lived species 
interfered with sugarbeet growth more than short-lived species. (ii) Spring 
growing species, such as bishop's weed (Ammi visnaga L.) and chicory 
were dominant. This group was dominated by fall and winter annual 
species, and did not interfere with the sugarbeet as much as the long­
lived winter species. 

Pattern of weed growth following weed-free durations. 
Most weed species emerged with sugarbeet at the beginning of 

the growing season and finished their life cycle between 14 and 17 WAE 
(Figure 2a). The maximum weed dry weight occurred later than the 
maximum weed density (Figures 2a and 2b), because of the senescence 
of more abundant short-lived species, and the increased growth of the 
less abundant and long-lived species. 

Maximum total weed dry weight and weed density generally 
decreased as weed-free duration was increased (Figures 2a and 2b). Under 
a temperate climate where sugarbeet is planted in the spring, sugarbeet 
need to be kept weed free until the six-true-Ieaf stage (Stebbing et aI., 
2000), because after the six Icaf stage, the sugarbeet canopy will aid in 
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Figure 2. Total weed density (a) and total weed dry weight (b) following 
several weed-free durations in 1990. Vertical bars indicate LSD at 5% 
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the suppression of weeds and provide more competition with weeds for 
light and nutrients. 

Weed density is not as reliable as biomass to assess weed 
interference in a crop (Scott et aI., 1979; Tomer et aI., 1991; Wilson and 
Peters, 1982), especially for species which have a high capacity to 
compensate for low densities through tillering and branching. Therefore, 
the impact of weed-free duration on weed growth was assessed through 
weed dry weight. Weed growth was reduced drastically after a weed­
free duration greater than 15 WAE in both years (data not shown). Lack 
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of weed regrowth was due to the fact that sugarbeet had achieved a leaf 
area cover allowing it to reduce growth of late-emerging weeds through 
shading and depletion of water and nitrogen resources. The fitted curves 
showed that maximum total weed dry weight decreased to zero if weeds 
were controlled for the first 24 WAE in 1990 and for 20 WAE in 1991 
(Figure 3). The highest weed growth rate was observed in sugarbeet that 
remained weedy for the full season in 1990 (19.5 g m·2 day·i) and for 
sugarbeet kept weed-free for 3 WAE in 1991 (30 g m"dayi). 
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Figure 3. Predicted and observed maximum total weed dry weight as 
influenced by weed-free duration in 1990 and 1991. Heavy lines represent 
predicted response, dots and triangles represent the observed data. The 
curves show the best fit correlation equations. The coefficients of 
determination were highly significant at 1 %. 

Herbicide efficacy. 
PRE TCA plus pyrazon in 1990 was not effective in controlling 

weeds (Table 1). Weed density and dry weight following this treatment 
were similar to weedy sugarbeet during most of the growing season. The 
poor efficacy probably was due to herbicide leaching and dcsradation 
because of excess rainfall the next day following herbicide application. 
TCA leaches with heavy rain because it is water soluble and not tightly 
adsorbed to soil particles (Jensen, 1960). In 1991, PRE lenacil plus 
ethofumesate controlled 93% of early germinating weeds (data not 

http:R2,:0.92
http:R2,:0.96


Table 1. Total wecd dry weight as affected by PRE and POST herbicides and 3, 7 and II weeks of hand-weeding in 1990 and 1991 o 
~growing seasons, in the Gharb region of Morocco. 61990 	 o 
o 

Weed dr:r weight o 
N 

Treatments 
o 
w10WAE 14 WAE 20WAE 
3:: 

-2 s· 
gm a' 

t::
Weedy sugarbeet 89.7 180.9 490.7 :3 

PRE TCA + pyrazon 81.9 205.6 618 .7 ~ 


o
PRE TCA + pyrazon + POST 	 o 

'i'"
phenmedipham + sethoxydirn 0 3.5 17.4 =i' 

WFfor 3 WAE I 46.0 113.1 445.4 
(l> 
(l> 

-0 
(l>WF for 7 WAE 	 0 44.2 475.5 :l. 
oWFfor 11 WAE 0 8.4 77.4 0­

LSD (0.05) 28.4 67.6 110.3 S· 

1991 :0-
o 

a.Weedy sugarbeet 	 228.9 277.3 567.1 :N 
(l>PRE lenacil + ethofumesate 391.0 270.6 568.4 	 (fq 

PRE pyrazon + POST 	 :l 
o· 
ophenmedipham + tluazifop 1.9 42.0 244.3 ..." 

WF1 for 3 WAE 228.9 168.4 247.2 3:: 
o 

WFfor 7 WAE 	 0 13.6 39.1 a 
oWFfor II WAE 	 0 0 18 .3 o 
o 

LSD (0.05) 	 194.4 86.5 225.2 N 
U\ 
~lWeeks after (sugarbeet) emergencc. 
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shown), but late germinating weeds escaped control, and the overall 
herbicide efficacy was poor (Table I) . Ethofumesate is considered to 
have a high leaching and medium runoff potential (Mahler et aI., 1998). 
The half life of ethofumesate ranges from more than 14 weeks under 
dry, cold conditions, to less than 5 weeks under moist, warm conditions 
(Anonymous, 1983), which indeed characterized the early 1991 growing 
season. POST phenmedipham plus sethoxydim applied after PRE TCA 
plus pyrazon in 1990 controlled weeds better than hand-weeding 
sugarbeet for 7 WAE. At 13 WAE, PRE pyrazon followed by POST 
phenmedipham plus f1uazifop in 1991, controlled weeds better than hand­
weeding sugarbeet for 3 WAE, but overall efficacy was poor (Table 1). 

Sugarbeet response to weed-free durations and herbicides. 
Sugarbeet plant population. 

Sugarbeet plant populations at harvest were reduced in 1990 
when sugarbeet was kept weed-free for a period shorter than 11 WAE 
(data not shown). Plant population varied from 33,900 plants ha· t for 
sugarbeet kept weed-free for 3 WAE to 66,400 plants ha·t for sugarbeet 
kept weed-free for the full growing season. The relationship between 
plant population (PP) and weed-free duration (WFD in weeks) for 1990 
is described by equation 3: 

PP (ha)·t =13560 + 4226.2 WFD; R2 =0.74 [3] 
Weed interference was so severe in 1990 for weedy sugarbeet and 
sugarbeet treated with PRE TCA plus pyrazon that sugarbeet plants 
completely disappeared before harvest. However, in 1991, only sugarbeet 
with PRE lenacil plus ethofumesate had a lower plant population than 
weed-free sugarbeet. 

Sugarbeet root yield and sucrose content. 
The root yield for weed-free sugarbeet was 49.7 t ha- t in 1990 

and 63.9 t ha-t in 1991 (Table 2). A Gompertz function was selected on 
the basis of the approximate shape of the lines (Figure 4), and best 
described the relationship of sugarbeet root yield to weed-free duration 
(WFD) CEq. 4 and 5). 
Root yield (t ha- 1) = 49.7 exp[-1l.6 exp(-O.3 WFD)]lj R2= 0.96; 1990 [4] 
Root yield (t ha·') = 63.9 exp[-S.7 exp(-O.3 WFD)]'j R2= 0.98; 1991 [5] 
Sugarbeet root yield was improved during 1990 and 1991 by increasing 
weed-free duration up to 17 and 13 WAE, respectively, with little increase 
by further hand-weeding after these dates (Figure 4). Hand-weeding for 
15 WAE and 17 WAE in 1990 and for 8 WAE and 9 WAE in 1991 were 
required to limit yield loss to 10 and 5%, respectively. The 5% and 10% 
sugarbeet yield loss correspond respectively to a dollar loss of $70/ha 
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Table 2. Sugarbeet root yield, sucrose content, percent sugar loss to 
molasses, and extractable sucrose at harvest as influenced by weed-free 
duration and herbicide treatments in 1990 and 1991. 

Treatments 

Weedy sugarbeet 
1 

WF 1 for 3 WAE 

WFfor7 WAE 

WFfor 11 WAE 

WFfor15WAE 

WFfor 19 WAE 

WFfor23 WAE 

WF full-season 

PRE TCA + pyrazon 

PRE TCA + pyrazon + 


POST phenmedipham 
+ sethoxydim 


LSD (0.05) 


Weedy sugarbeet 
I 

WF1 for 3 WAE 

WFfor7 WAE 

WFfor 11 WAE 

WFfor 15 WAE 

WFfor 19 WAE 

WFfor23 WAE 

WF full-season 

PRE lenacil+ethof. 

PRE pyrazon + POST 


phenmedipham + tluazifop 

LSD (0.05) 

Root 
yield 

-I 
t ha 

0 

1.2 
14.6 
32.3 
47.8 
48.4 
49.2 
49.7 

0 

34.1 
16.5 

1.7 

6.7 
53.7 
55.3 
59.5 
60.2 
62.1 
63.9 
9.5 

33.3 
6.5 

2 

Sucrose 

% 

nm 

nm 
14.0 
16.0 
15.1 
15.4 
14.9 
14.9 
nm 

15.6 
NS 

nm 

nm 
14.7 
14.3 
15.3 
14.6 
14.5 
14.9 
14.2 

13.6 
NS 

1990 
Sucrose 
loss to 

molasses 

% 

nm 

nm 
2.6 
2.3 
2.3 
2.6 
2.5 
2.3 
nm 

2.3 
NS 

1991 

nm 

nm 
1.1 
1.2 
1.3 
1.2 
1.3 
1.3 
0.2 

0.8 
0.5 

Extractable 
sucrose 

I 
t ha 

nm 

nm 
1.6 
4.5 
6.1 
6.1 
6.1 
6.2 
nm 

4.6 
2.3 

nm 

nm 
6.8 
6.7 
7.8 
7.5 
7.6 
8.1 
1.2 

3.7 
1.1 

Weeks after (sugarbeet) emergence; Not measured. 

and $140/ha in 1990, and to $90/ha and $180/ha in 1991, assuming $ 28 

MTI as the price for sugarbeet root in Morocco. The difference in the 

minimum weed-free duration between the two years was that the growing 

I 
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Figure 4. Sugarbeet root yield as influenced by increasing weed-free 
duration in 1990 and 1991. The curves were obtained from non-linear 
regression analysis on unaveraged data. Heavy lines represent predicted 
response, dots and triangles represent the observed data. The curves show 
the best fit correlation equations. The coefficients of determination were 
highly significant at 1 %. 

conditions during the sugarbeet canopy establishment phase in 1991 were 
more favorable than in 1990 and growth occurred more rapidly in 1991 
(data not shown). The onset of competition was sooner and penalties for 
stopping hand weeding early were more severe in 1991, compared to the 
slow growing season of 1990. 

Sucrose content did not vary with increasing weed-free duration 
in either year (Table 2). However, the absence of weed control or poor 
weed control throughout the season can result in dramatic reduction in 
sucrose content (Rzozi, 1993), indicating that severe weed competition 
reduces sucrose content, while a mild to medium weed competition does 
not. We should mention, however that sugarbeet root yields were too 
low for sugarbeet plots that suffered from severe weed competition to 
allow measurement of sucrose content. The relative stability of sucrose 
content probably was from compensation between sucrose content and 
root dry weight. 

Weed dry weight produced during the growing season explained 
most of the reduced sugarbeet yield (Figure 5). Equations 6 and 7 relate 

http:Y=63.gexp(-5.7exp(-0.3X
http:Y=49.7exp(-11.6exp(-0.3X
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Figure 5. Sugarbeet root yield (t ha-I ) at harvest as affected by the 

maximum weed dry weight reached during the growing season following 

different weed-free durations in 1990 and 1991. Heavy lines represent 

predicted response, dots and triangles represent the observed data. The 

curves show the best fit correlation equations. The coefficient of 

determination were highly significant at 1%. 


total sugarbeet dry weight (TSBDW) at 28 WAE to weed-free duration, 

and therefore reflect the effect of weed competition on sugarbeet growth 

and root yield. 

TSBDW (g m-2) = -117 + 92 WFD - 1.4 WFD2; R2 =0.90; (1990) [6] 

TSBDW (g m-2) =68 + 146 WFD - 2.8 WFD2; R2 =0.90; (1991) [7] 


Sugarbeet root yield increased with cumulative leaf area duration 
(LADcLlm ) during the two growing seasons (Figure 6). LADcLlm ' which 
determines the percent of incident light intercepted by the crop over the 
whole growing season, and represents the magnitude and the persistence 
of leaf area index (Goodman, 1968), or the period during which leaf 
cover is photosynthetically active, accounted for most of the variation of 
root yield (R2 =0.96 in 1990 and R 2 =0.88 in 1991). Averaged over all 
treatments, cumulative leaf area duration was higher in 1991 than in 
1990, and improved with increased weed-free durations (WFD) 
(Equations 8 and 9). 
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Figure 6_ Relationship between sugarbeet root yield (t ha-I ) at harvest 
and cumulative leaf area duration (days) in 1990 and 1991. The curves 
show the best fit correlation equations_ Heavy lines represent predicted 
response, dots and triangles represent the observed data_ The coefficients 
of determination were highly significant at 1 %_ 

LADe"m_ (days) =32.6 + 7.39 WFDCeek); R2 = 0.71; 1990 [8] 
LADeum_(days) = 99.0 + 6.68 WFDCeeks); R2 =0_83; 1991 [9] 

Cumulative leaf area duration explained most of the variation of total 
sugarbeet dry weight (R2 = 0_93) (data not shown)_ This relationship 
implies that weed interference reduced total sugarbeet dry weight via 
the reduction of LAD 

cum. 

Increasing weed-free duration improved relative sugarbeet 
growth rate (root + shoot)(Kw), relative sugarbeet leaf area expansion 
rate (Ka), and relative sugarbeet leaf weight growth rate (Kl)_ Kw and 
Ka were strongly correlated (Figure 7 and equations 10 and 11)_ The 
points lay scattered close to a line described by Ka = K w, which indicates 
that the rates of relative sugarbeet leaf area expansion rate and relative 
sugarbeet growth rate were nearly equal in 1990_ However, relative 
sugarbeet growth rate was higher than relative leaf area expansion rate 
in 1991, which indicates that growing conditions in 1991 were more 
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favorable for sugarbeet root dry matter accumulation than in 1990. 
Kw = -0.001 + 1.02 Ka; R2 =0.98; 1990 [10] 
Kw = -0.009 + 0.99 Ka; R2 =0.76; 1991 [11] 

Leaf area expansion can be correlated with sugarbeet growth 
rate; however, this high correlation does not establish a cause and effect 
relation between leaf area expansion and growth rate (Potter and Jones, 
1977). Many researchers have characterized the close relationship 
between the rate of leaf area expansion and growth (Delaney and Dorenz, 
1974; Duncan and Hesketh, 1968; Muramoto et aI. , 1965). However, in 
order to establish a cause and effect relation between leaf area expansion 
and growth, the investment of daily leaf area expansion into daily weight 
gain should be analyzed (Potter and Jones, 1977). 

Maximum leaf area index (LAIm,) was higher in 1991 than in 
1990 for corresponding weed-free durations and was reached sooner, 
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due to rapid leaf appearance rate during the canopy establishment phase 
in 1991 (data not shown) . This helps explain higher LADclim and higher 
root yields in 1991, as compared to those registered in 1990. 

Maximum number of green leaves per plant explained 74% and 
67% of variation in maximum leaf area index in 1990 and 1991, 
respectively (data not shown). These findings are similar to those observed 
by Goodman (1968). The negative effect of weeds on sugarbeet yield 
was through competition for light, nutrients and water, which reduced 
the number of green leaves per plant (data not shown). These results are 
in agreement with those of Farahbaksh and Murphy (1986), who 
demonstrated that fewer leaves were produced in weedy sugarbeet as 
compared to weed-free sugarbeet. LAI reached a maximum value of 3.0 
in 1990 and 3.8 in 1991 (data not shown). LAI of 3 is considered by 
some (Campell and Viets, 1967) as the optimum LAI value necessary to 
intercept a maximum amount of radiation in sugarbeet. LAI in weedy 
sugarbeet did not exceed 0.1 in 1990 and 0.6 in 1991. 

The negati ve impact of weed interference on LAI was important 
as weeds were allowed to become established early during the growing 
season. A reduction in the supply of assimilates caused by less sunlight 
being available to each plant and increased mutual shading were 
implicated (Clark and Loomis, 1978). A reduction in the amount of 
nutrients available to each plant probably was also responsible for slow 
leaf expansion. In order to reach a LAImax of 1, sugarbeet had to be kept 
weed-free for at least 7 WAE in 1990 and for 3 WAE in 1991. Sugarbeet 
was reported to increase the number and area of leaves (Goodman, 1968) 
and to delay the time at which maximum leaf canopy development was 
reached (Storer et aI., 1973) with higher levels of soil nitrogen. 

PRE pyrazon plus TCA in 1990 and PRE lenacil plus 
ethofumesate in 1991 improved LAImax ' compared to weedy check (data 
not shown). PRE pyrazon plus TCA, followed by POST phenmedipham 
plus sethoxydim resulted in a LAImax of lA, which was smaller than 
LAImax reached by sugarbeet kept weed-free for a period of 11 weeks. 
PRE pyrazon, followed by POST phenmedipham plus fluazifop in 1991 
had a LAImax of 1.8, which corresponded to LAIlIlOX of sugarbeet kept 
weed-free for a period longer than 3 WAE and shorter than 7 WAE. These 
results indicate that LAImax were higher in 1991 than in 1990, but the 
periods during which sugarbeet was protected from weed competition 
were shorter in 1991 than in 1990. The stunting of sugarbeet plants in 
1990 was caused mainly by poor growing condition ,; than by herbicide 
Injury. 

Specific leaf area (SLA), which is the ratio of leaf area to leaf 
dry weight, decreased as weed-free duration increased in 1990 and tended 
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to decrease in 1991 (data not shown). SLA has been shown to be affected 
by genotype and by many environmental variables, for example light 
quality (Kasperbauer, 1988), nutrient availability (Sage and Pearcy, 1987), 
and sub-optimal temperature (Bulder et aI., 1987). High SLA is known 
to have an effect on the carbon economy, because leaves with a low 
investment of dry weight per unit area will almost automatically have a 
low investment in photosynthetically active compounds. 

Dry matter allocation within sugarbeet plant. 
Root: shoot ratio gives a measure of the relative development 

of shoot (the photosynthetic apparatus or the source), and roots (the 
storage organ or the sink). If sugarbeet was kept weed-free for a period 
longer than or equal to 7 WAE, root: shoot equalization (TRSE) took 
place between 17.3 WAE and 19.5 WAE in 1990 and 19 WAE and 20 
WAE in 1991 (Table 3). In sugarbeet kept weed-free for only 3 WAE, 
root: shoot equalization took place at 21.4 WAE and 21 WAE, respectively 
in 1990 and 1991. For weedy sugarbeet, root: shoot equalization was 
delayed (27 WAE) in 1991, but root never equaled shoot in 1990. 
Infestation with late-growing weeds tipped the balance of growth towards 
the shoot, a response also caused by induced shade (Scott and Wilcockson, 
1976). 

Impuri~ies and sucrose yield. 
Impurity levels were not affected by weed-free duration in either 

year (Table 2). Extractable sucrose was improved by increasing weed­
free duration up to 15 WAE in 1990 (Eq. 12 and 13), with non-significant 
increase by further hand-weeding after II WAE in 1990 and after 7 WAE 
in 1991. The respective 1990 and 1991 relations were: 
Ext. sucrose(t ha") =6.6 exp[-21.42 exp(-O.39 WFD)]; R2 =0.96; 1990 [12] 

Ext. sucrose(t ha") =8.8 exp[-S.80 exp(-O.30 WFD)]; R2 =0.99; 1991 [13] 

Sugarbeet in plots treated with PRE TeA plus pyrazon, followed 
by POST phenmedipham plus sethoxydim had extractable sucrose yields 
similar to those in plots kept weed-free for 11 WAE in 1990. However, 
PRE lenacil plus ethofumesate and PRE pyrazon plus POST 
phenmedipham plus nuazifop in 1991 resulted in less extractable sucrose 
than from sugarbeet kept weed-free for 7 WAE. 

To summarize, hand weeding required to limit sugarbeet root 
yield loss to ]0% and 5% varied between 16 WAE and 18 WAE or 12.5 
WAE and 15 WAE, respectively in 1990 and 1991. Extractable sucrose 
yield responded to increasing hand-weeding duration in the same way as 

http:exp(-O.30
http:exp[-S.80
http:exp(-O.39
http:exp[-21.42


Table 3. Estimation of the time at which root-s~?ot equalization (TRSE) occurred for sugarbeet with different weed-free durations 
N 
0\using an exponential equation (Rootshoot = Ae for 1990 and 199 I). 
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sugarbeet root yield. Extractable sucrose reduction was caused mainly 
via root weight reduction, but also through sucrose % reduction when 
weeds interfered with the crop for a long period. 

Growth parameters showed different sensitivities to weed-free 
duration. Maximum number of green leaves per plant and LADcum were 
less sensitive to weed-free duration than LAImax This could imply that 
weed competition affected leaf area more than leaf persistence. Though 
sugarbeet total dry weight was closely correlated with LADcum' root and 
extractable sucrose presented a curvilinear relation to LAD,um: This 
suggests that additional leaf area beyond an optimum value may 
contribute to total sugarbeet dry matter, but the leaves were, on average, 
too weakly illuminated to contribute to root growth or the accumulation 
of sucrose. Sugarbeet root weight accumulation was dependent on total 
plant weight, which itself was dependent on the amount of light 
intercepted by sugarbeet cover. Maximum number of green leaves and 
leaf area duration suffered less than roots from competition exerted by 
weeds established after a weed-free period of 11 WAE. Root formation 
suffered more than shoot formation because the active growth phase of 
roots took place later than that of shoot. 

The combination of PRE and POST herbicides controlled weeds 
better, and resulted in an improvement of extractable sucrose yield as 
compared to the PRE herbicides tested. The majority of Moroccan 
sugarbeet producers cannot afford the combination of PRE and POST 
treatments, which is more expensive than three hand-weedings, to 
adequately control weeds. Therefore, most sugarbeet producers in 
Morocco, will choose to do the hand-weedmg necessary to keep sugarbeet 
free of weeds during the slow growing phase (15 WAE) rather than use 
herbicides. 
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