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The traditional weed control programs in cotton have been dependent on soil-applied and
post-directed herbicide. With the adoption of glyphosate-resistant (Roundup Ready) cotton
varieties, glyphosate has become a major component of the weed management program. This
herbicide provides control of a broad-spectrum of grass and broadleaf weeds. Being cheap and
“environmentally friendly” further facilitate its acceptance by the farmers (Askew and Wilcut
1999).

The transgenic cotton contains a CP4 gene construct that exhibits excellent vegetative
tolerance to glyphosate (Jones and Snipes, 1999). However, over the top application after the 4th

leaf stage was reported to result in lower pollination, boll abortion, deformed bolls and yield
reduction (Kerby and Voth, 1998; Vargas et al., 1998).  Recent experiments indicated possible
negative interactions between environmental factors and response of Roundup Ready (RR)
cotton to glyphosate (Jones and Snipes 1999). The aims of our study were to investigate, under
Israeli conditions, the response of DP5415RR cotton to glyphosate applied at different growth
stages and its behavior following treatment with herbicides applied PPI, PRE and POST. We also
examined the risk of gene transfer by cross-pollination to other cotton cultivars.

Material and Methods

DP5415RR cotton was examined in four locations throughout Israel during the 1998 and
1999. RR and non-transgenic cotton cultivars were planted in commercial cotton fields prepared
for planting according to local practices. Plots were 4 cotton rows wide and 15 to 20 m long
replicated 4 to 6 times in a randomized complete block design. Herbicides were applied PPI,
PRE or POST (over the top) as needed using a motorized knapsack sprayer, delivering
100 L ha-1. Glyphosate (Roundup Ultra®) was applied POST, either early (2 to 3 leaves), medium
(4 to 5 leaves), late (8 to 10 leaves) or early + late (split treatment) at rates of 0, 0.72 and 1.44 kg
ae ha-1. Plant mapping was carried out just before the harvest and included number of bolls and
their position on the sympodium, boll weight and number of seeds/boll. Total cotton-seed
yield/plot was recorded following mechanical picking as well as quality traits of the fibers.

Flowers and bolls were sampled from each plot throughout the season and their
morphology was examined, using scanning electron microscope (SEM), using a Jeol scanning
microscope. (Model JSM-5410LV, Japan).

Seed cotton was collected by hand from adjacent non-transgenic cotton (‘Sivon’) border
rows for analysis of pollen dispersal from transgenic plants, up to 50m eastward (wind direction)
and westward. At each distance ca. 100 bolls were examined. Seed cotton was ginned and a sub-
sample of 200 seeds was planted in a sand:peat mixture and transferred to the greenhouse. Cotton
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seedlings at the fully expanded cotyledons were sprayed with glyphosate (1.44 kg ae ha-1) using
a chain belt-driven laboratory sprayer. Surviving plants were counted and considered resistant.

Results and Discussion

Response of weeds and RR cotton to herbicides: 1999 experiments have shown that
RR cotton responded to diuron, fluometuron, trifluralin, prometryn, pendimethalin and
pyrithiobac similar to DP5415 (data not shown).  No visual damage or growth retardation was
observed on the cotton plants treated with glyphosate at all rates and times of application tested.
Similarly, no significant detrimental effects were found in seed cotton yield or any quality traits
tested (Fig. 1). The average seed-cotton yield in the untreated control, over the three locations
was 5.73 mt ha-1.

All glyphosate treatments provided effective and acceptable weed-control until harvest.
Excellent control of the following annual weeds: heliotrop (Heliotropium arbainense), prostrate
pigweed (Amaranthus blitoides), redroot pigweed (A. retroflexus), Moluccella laevis,
Chrozophora tinctoria, Datura ferox, puncturevine (Tribulus terrestris), and black nightshade
(Solanum nigrum) were observed. However, toward the end of the season, some infestation with
common cockelbur (Xanthium strumarium) and Palmer amaranth (Amaranthus palmeri) was
observed in the plots treated “early” in the season. Good control of perennial weeds such as
johnsongrass (Sorghum halepense), bermudagrass (Cynodon dacylon), purple nutsedge (Cyperus
rotundus) and field bindweed (Convolvulus arvensis) were observed particularly when high rate
of glyphosate was applied.

Figure 1. Seed-cotton yield as affected by glyphosate (1.44 kg ae ha-1) applied at various
growth stages (Average of 3 sites for 1999 experiments).
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Effect of late application of glyphosate: The first flowers developed on plants treated
‘late POST’ or the combined treatment ‘early + late’ at high rates of glyphosate, appeared
abnormal with partially developed anthers that contained little pollen and a pistil with a stigma
sticking out much above the stamens (Fig. 2-3). These symptoms were less abundant and weaker
at early application and low glyphosate rates.  No such effects were observed in control plants or
in flowers developed later in the season. Some of the early bolls developed on plants treated
‘late’ and at the high rate were deformed mostly with one degenerated compartment resulting in
a ‘moon shaped’ bolls.

Figure 2. First flowers of RR cotton treated (A) and untreated (B) late with glyphosate
(1.44 kg ae ha-1).

Figure 3. Scanning electron micrograph (SEM) of anthers taken from first flowers
developed on RR cotton plants treated late with glyphosate (1.44 kg ae ha-1). (A) treated;
(B) untreated.

The late treatment and the split treatment with high rates (1.44 kg ae ha-1) resulted in a
significant increase in the number of bolls per plant, with a parallel decrease in the boll weight
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and number of seeds per boll (Fig. 4). This was particularly apparent in bolls developed on the
first and second position sympodia of the 5th to 10th fruiting branches.  It seems that the plant
attempts “to compensate” itself in response to the initial injury.

Figure 4. Boll weight (A) and number of bolls per plant (B) as affected by glyphosate (1.44
kg ae ha-1) applied at various growth stages (Average of 3 sites, 1999 experiments).

Cross-pollination between DP5415RR and the local cotton cultivar ‘Sivon’ (Acala type)
was examined within the range of 50m from the RR plot. The proportion of cross-pollination was
up to 10% at 1m distance and none further than 35m  (Fig. 5).

Interestingly, the proportion of cross-pollination at plots located westward of the RR plot
(against the wind direction) was larger then that observed in the eastern side, indicating that
pollen was moved mostly by insects (especially bees) rather than wind.
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Figure 5. Frequency of transgenic pollen dissemination into border rows located east
and west to the test plot Negba 1998.

Over the top application of glyphosate at the recommended rate (0.72 kg ae ha-1) and at
the double rate (1.44 kg ae ha-1) applied at up to 4 to 5 leaves stage in DP5415RR provides good
and season-long annual weed control. Crop safety is excellent without any visible damage to the
vegetative parts or reduction in seed cotton yield and quality. Late application of glyphosate (8 to
10 leaves) may result in reduction in boll size and number of seeds per boll with a parallel
increase in boll number per plant. No significant reduction yield was observed. The risk of gene
transfer from the RR cotton to other non-transgenic cotton cultivars is limited to 10 m.
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