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SUMMARY:  23 

Allelopathy has shown promise as a useful supplemental weed control strategy in cropping 24 

systems. To determine the allelopathic potential of a desired plant specimen, a stair-step 25 

screening method is provided.  26 

 27 

ABSTRACT:  28 

Weed competition contributes significantly to yield losses in cropping systems worldwide. The 29 

evolution of resistance in many weed species to continuously applied herbicides has presented 30 

the need for additional management methods. Allelopathy is a physiological process that some 31 

plant species possess that provide the plant with an advantage over its neighbors. Allelopathic 32 

crop varieties would be equipped with the ability to suppress the growth of surrounding 33 

competitors, thus reducing potential yield loss due to weed interference. This paper focuses on 34 

the construction and operation of a stair-step assay used for the screening of the allelopathic 35 

potential of a donor species (Oryza sativa) against a receiver weed species (Echinochloa crus-36 

galli) in a greenhouse setting. The structure described in this paper serves as a stand for the plant 37 

samples and incorporates a timed watering system for the accumulation and distribution of 38 

allelochemicals. Allelochemicals produced by the plant roots are allowed to flow downward 39 

through a series of four pots separately into a collection tank and recycled back to the top plant 40 

through electric pumps. This method of screening provides an avenue for the allelochemicals 41 

from the donor plant to reach receiver plants without any resource competition, thus allowing 42 

quantitative measurement of the allelopathic potential of the selected donor plant. The 43 

allelopathic potential is measurable through the height reduction of the receiver plants. 44 
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Preliminary screening data for the effectiveness of this method demonstrated height reduction 45 

in the receiver species, barnyardgrass (E. crus-galli), and thus the presence of allelopathic 46 

residues from the donor plant, weedy rice (Oryza sativa). 47 

 48 

INTRODUCTION:  49 

Allelopathy is a natural and complex phenomenon that has been the focus of many plant 50 

scientists in the past few decades. The mechanisms relating to allelopathy for use in crops have 51 

been the subject of much research since the 1930s, when Molisch observed that a plant has a 52 

direct or indirect effect on a neighboring plant through the production and secretion of chemical 53 

compounds into the environment1. Allelopathy is the production of secondary metabolites that 54 

have inhibitory effects on the growth and germination of some plant species. Released allopathic 55 

chemical compounds help provide the donor plants with a competitive advantage by adding 56 

phytotoxins to the environment around them2. Many factors contribute to the allelopathic 57 

activity. It is selective in its effectiveness and varies between varieties, environmental conditions, 58 

growth stage, stress, environment, and nutrient availability3. 59 

 60 

In recent years, allelopathy has been highlighted in research as a possible supplement to the 61 

constant and growing weed control crisis. With the growing global population, the demand for 62 

sustainable food and fiber production has increased4. Weed control is one of the biggest threats 63 

to production faced by agronomists5,6. Traditional weed control methods focus on mechanical, 64 

chemical, and cultural practices. The continuous usage of herbicides, while effective, useful, and 65 

efficient, has promoted the evolution of resistant weed populations at an alarmingly fast pace7. 66 

Genetic engineering and breeding practices have been used effectively to give crops competitive 67 

advantages over weeds by designing them to withstand chemical applications that their 68 

neighbors cannot survive7,8. Although effective, these technologies are not always sustainable 69 

and sometimes pose outcrossing concerns9. Supplemental weed management practices need to 70 

be introduced if the goal of increasing food production is to be met10. Allelopathy shows excellent 71 

promise as a new defense tool for crops to improve their quality and outlive their competitors1,7.  72 

 73 

Allelochemicals are often secondary products, and because their production is highly influenced 74 

by environmental factors, the specific compounds associated with plant suppression can be 75 

difficult to identify3. Production factors include genetics and the joint action of secondary 76 

metabolites that may act synergistically11,12. It is challenging to separate allelopathic activity from 77 

the competition that naturally exists within crop-weed interactions, and due to this, when 78 

screening for allelopathy there must be a standard set of outcomes that qualify the assay as valid 79 

and repeatable. Below is a set of criteria that qualifies findings of allelopathy as outlined by 80 

Olofsdotter et al.12 1) One plant must demonstrate suppression of another plant in a pattern; 2) 81 

The chemicals that are released into the environment in bioactive amounts must be produced by 82 

the donor plant; 3) The chemicals produced must be transportable to the receiver plant; 4) Some 83 

mechanism of uptake must be present in the receiver plant; 6) The pattern of inhibition observed 84 

must have no other exclusive explanation (e.g, competition for resources)12. 85 

 86 

In an effort to overcome the barrier between the lack of knowledge of the mechanisms 87 

supporting allelopathy and variety development, phenotypic traits associated with allelopathic 88 
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varieties can be identified and selected for further research and use. Some plants known to have 89 

allelopathic qualities are rye, sorghum, rice, sunflower, rapeseed, and wheat13. During the early 90 

observations of allelopathy in crops, due to distinguished borders of weed growth in field 91 

experiments, it was proposed that chemicals were involved rather than competition for 92 

resources14. However, most studies were field experiments that made it impossible to eliminate 93 

competition as a factor14. Competition elimination efforts gave way to lab and greenhouse 94 

experiments in attempts to prove and quantify allelopathic activity in rice and other crops. Field 95 

and greenhouse methods to screen plants for allelopathy demonstrate that allelopathic 96 

tendencies are present in both growing conditions11,15. Some critics believe that laboratory 97 

screenings may only hold limited value due to the lack of natural conditions, which may affect 98 

the results15. 99 

 100 

The proposed method for screening allelopathic potential in plants provides adequate resources 101 

and space and eliminates resource competition with the use of a stair-step structure11,17. The 102 

method was adapted and modified from previous experiments exploring allelopathy in turfgrass 103 

and barley17,18. These studies found that a similar system was able to produce accurate results 104 

on the allelopathic potential of a target plant while removing any doubts that the observations 105 

could be attributed to natural competition. The stair-step method creates a circulatory system 106 

where a nutrient solution from a reservoir can cycle through each plant to an incubation tray 107 

through a few steps. An electric pump then recycles the solution along with any allelochemicals 108 

produced18. A method such as this is efficient in both time, space, and resources. It also provides 109 

similar field conditions for the plants and eliminates any resource competition. The methods and 110 

tools used for screening are easily manipulated to fit the desired study goals, conditions, and 111 

specific species. The objective of this study is to confirm weedy rice allelopathy through height 112 

suppression measurements on barnyardgrass with the use of the stair-step method.  113 

 114 

PROTOCOL:  115 

 116 

1. Stand construction  117 

 118 

NOTE: Measurements for the wood are listed as thickness (cm) x width (cm) x length (m). 119 

 120 

1.1. Cut wood into appropriate sizes and amounts as follows: five 10.16 cm x 5.08 cm x 0.91 m 121 

wooden pieces, three 10.16 cm x 5.08 cm x 0.76 m wooden pieces, three 10.16 cm x 5.08 cm x 122 

0.61 m wooden pieces, five 10.16 cm x 5.08 cm x 0.46 m wooden pieces, three 10.16 cm x 5.08 123 

cm x 0.3 m wooden pieces, and three 10.16 cm x 5.08 cm x 0.15 m wooden pieces.  124 

 125 

1.2. For the tallest level, stand one 2.44 m board across two 0.91 m pieces on each end at the 126 

edge and drill two screws vertically into each of the 0.91 pieces. Screw one more 0.91 m piece 127 

1.22 m from each end for support, and place a 2.44 m board across the back of the 0.91 m stands 128 

and screw into place for support. 129 

 130 

NOTE: The eight 3.175 cm x 15.24 cm x 2.44 m are kept as is and uncut to serve as the benchtop 131 

for each bench level. 132 
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 133 

1.3. Repeat step 1.2 for the next bench level with the 0.76 m pieces.  134 

 135 

1.4. Repeat step 1.2 for the next bench with the 0.61 m pieces down to the sixth bench at 0.15 136 

m.  137 

 138 

NOTE: No supporting 2.44 m board is needed for benches 3–6. The final stand has six benches 139 

with three vertical supports each, one on each end and one in the middle. 140 

 141 

1.5. Line benches in descending height order with the overhanging lip facing the backside 142 

touching the bench above it, allowing for a gap between levels. 143 

 144 

1.6. Line a 0.91 cm board on each of the bottom edges of the benches along the ground and 145 

screw the benches in place.  146 

 147 

1.7. Screw a 0.46 m board horizontally for support on the tallest three benches on each side of 148 

the structure 0.61 m from the ground. 149 

 150 

1.8. Screw three corner braces onto the front-facing ends and center of the tallest bench. 151 

 152 

1.9. Screw one 2.54 cm x 5.08 cm x 20.32 cm wooden piece across the braces 2.54 cm from the 153 

base of the bench.  154 

 155 

NOTE: Make one 0.91 m by 0.91 m by 2.44 m structure. Refer to Figure 1 for the final base 156 

product. Dimensions are subject to change with the experimental needs. The structure described 157 

was designed to fit 15.24 cm pots. The heights between benches were designed to fit the pots 158 

and plant material used in this experiment in order to maintain a steady flow of allelochemicals 159 

and solution from one pot to another down the benches by gravity. 160 

 161 

[Figure 1] 162 

 163 

2. System assembly  164 

 165 

2.1. Remove the cap from a 1 L soda bottle and spray paint with black paint.  166 

 167 

NOTE: The soda bottles will serve as a reservoir at the top of the system for one column. The 168 

paint provides a block for the light, decreasing or preventing algae growth.  169 

 170 

2.2. At the bottom of each soda bottle, drill a small hole, just large enough to embed a 0.35 cm 171 

inner diameter (ID), 0.64 cm outer diameter (OD), 5.08 cm long plastic PVC tube.  172 

 173 

2.3. Smear a layer of silicone waterproof sealant around the edge of the hole after insertion to 174 

prevent any leaks. Let it dry completely.  175 

 176 
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2.4. Repeat steps 2.2 and 2.3 on each of the plastic dishes used to hold the pots.  177 

 178 

NOTE: Four dishes will be needed for one column.  179 

 180 

2.5. Remove the lid and spray paint the outside of 2.27 L plastic canisters with black paint. These 181 

canisters will serve as the collection tanks at the base of each column.  182 

 183 

2.6. Drill a small hole in the upper backside of the canister.  184 

 185 

NOTE: The supplies listed in steps 2.1–2.6 make one column. The number of columns is subject 186 

to the number of samples needed for the experiment desired. Two columns are needed for one 187 

sample. All dimensions are subject to change depending on the experimental needs.  188 

 189 

2.7. After the supplies have been prepared and dried, place the soda bottle on the highest bench 190 

so that the PVC tube is hanging over the rim facing the stairs.  191 

 192 

2.8. Just below the soda bottle on the next bench, place one plastic dish with its tube hanging 193 

over the rim of the bench.  194 

 195 

2.9. Repeat step 2.8 for the next two benches.  196 

 197 

2.10. Place the canister on the bottom bench with the hole facing the back.  198 

 199 

2.11. Connect the canister with the dish above it by stringing the tube from the dish through the 200 

hole in the back of the canister.  201 

 202 

2.12. Smear waterproof sealant around the edge of the canister where the tube runs through to 203 

prevent leaks.  204 

 205 

2.13. Place a 21 W 1,000 L/hr submersible electric pump inside the bottom canister.  206 

 207 

2.14. Connect a 1.07 m long, 1.27 cm ID, 1.59 cm OD PVC tube to the nozzle of the electric pump.  208 

 209 

2.15. String the tube through the gap between the benches and over the back of the soda bottle 210 

at the top of the system.  211 

 212 

2.16. Plug the pump into a digital timer and set the timer setting as needed.  213 

 214 

NOTE: The timer was set to run for 1 min every 3 h throughout the entire experiment. The 215 

selected timing allowed for the maximum amount of liquid in the collection tank to be cycled and 216 

allowed for approximately 10 min of flow each time the pump was turned on while avoiding 217 

flooding and spillovers.  218 

 219 

3. Planting  220 
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 221 

3.1. Sterilize all the rice seeds needed by rinsing in 70% ethanol for 30 s, soaking in 5% bleach for 222 

20 min, and rinsing 6x with distilled water.  223 

 224 

3.2. Pregerminate the sterilized rice seeds in Petri dishes lined with filter paper filled with 5 mL 225 

of distilled water in a growth chamber set at 25 °C.  226 

 227 

3.3. After the seeds germinate, line the bottom of each pot with two large coffee filters by placing 228 

them inside the pots in their natural cupped form. 229 

 230 

3.4. Fill each pot to the top of the filter (approximately 75% of the pot) with autoclaved, washed, 231 

and screened specially graded quartz sand. Dampen the sand with distilled water by pouring 232 

water over the top of the sand or by placing pots in planting trays filled just slightly with distilled 233 

water to allow the pots to soak up the water and remain damp. Transplant six pregerminated 234 

donor plant seedlings into sand, evenly spaced.  235 

 236 

3.5. Cover the seedlings with sand.  237 

 238 

3.6. Let the seedlings establish for 3 weeks.  239 

 240 

NOTE: The sand dries very quickly. Therefore, placing pots in trays is an efficient watering 241 

technique. Changing water out constantly will help prevent mold.  242 

 243 

3.7. Pregerminate the receiver plant seedlings (E. crus-galli) in Petri dishes 3 weeks after planting 244 

donor plants by lining the bottom of the dish with filter paper and along with 5 mL of distilled 245 

water. Place the dishes in a growth chamber at 25 °C for 3–5 days.  246 

 247 

3.8. Prepare the pots as described in steps 3.1–3.2. 248 

 249 

3.9. After the seedlings germinate, transplant three seedlings into the prepared pots and cover 250 

with sand.  251 

 252 

NOTE: The experiment begins one day after treatment (DAT), or the day that the receiver plant 253 

seedlings emerge and are transplanted and placed in the system.  254 

 255 

4. Sample placement  256 

 257 

4.1. Place four pots of one accession of donor plants in the four dishes of column 1, a single pot 258 

per row. Column 1 consists of donor plants only.  259 

 260 

4.2. Place two pots of the same accession of donor plants in the dishes of column 2 on the first 261 

and third row of the column.  262 

 263 
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4.3. Place two pots of receiver plants in the dishes of column 2 on the second and fourth row in 264 

the column.  265 

 266 

4.4.  For each replication, ensure that only one row of receiver plants is added. Two columns, the 267 

first consisting of donor plants only and the second alternating donors and receivers, make one 268 

treatment (Figure 2). 269 

 270 

[Figure 2] 271 

 272 

4.5. Repeat steps 4.1–4.4 for each treatment or donor plant accession (Figure 3). 273 

 274 

[Figure 3] 275 

 276 

NOTE: Each replication requires one column of receiver plant samples to serve as a control for 277 

one replication. Treatments were replicated 3x in a randomized complete block design. 278 

 279 

5. Operation 280 

 281 

5.1. On DAT 1, fill the collection tank at the bottom of each column with half-strength Hoagland 282 

solution17 in distilled water, approximately 1,500 mL.  283 

 284 

5.2. Set the timers to run as desired in the auto off setting.  285 

 286 

5.3. Cover the collection tanks with black plastic to limit light exposure and evaporation.  287 

 288 

5.4. Fill the tanks every 2 days with 500 mL of Hoagland’s solution to keep the system flowing 289 

constantly.  290 

 291 

5.5. Maintain the greenhouse temperatures at 28 °C during the day and 24 °C at night respectively 292 

with a 16/8 h split and humidity at 53%. 293 

 294 

6. Data collection 295 

 296 

6.1. Measure and record the heights of each plant in the stair-step system on DAT 1 and once 297 

every week up to DAT 21 by placing a ruler at the base of each plant and observing the tallest 298 

leaf stand. 299 

 300 

6.2. Measure and record the chlorophyll levels of each plant on DAT 7 and 14 using the 301 

chlorophyll content meter.  302 

 303 

6.3. On the last day of the experiment (i.e., DAT 21) label one paper bag for each pot. 304 

 305 

6.4. Cut plant samples at the base and place in separate bags.  306 

 307 
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6.5. Place all samples in an oven dryer set at 60 °C for 48 h16.  308 

 309 

6.6. Remove dried samples and empty contents individually onto a scale and record the weight 310 

in grams.  311 

 312 

7. Data analysis 313 

 314 

7.1. Calculate the allelopathic potential of the donor plants based on the percent inhibition of 315 

the receiver plant using this equation: 316 

 317 

height reduction (%) = [height of control (cm) – height of treated (cm)] × 100 318 

 319 

7.2. Calculate the donor plant height reduction as a check for any reverse effect the receiver plant 320 

may have on the target plants.  321 

 322 

7.3. Analyze accessions as the fixed effect while replications and runs are the random effects18. 323 

 324 

7.4. Analyze the data using a general linear model with mean values separated using Fisher’s 325 

protected least significant difference at or below a 0.05 probability level in a statistical software 326 

(e.g., JMP 14). 327 

 328 

7.5. Visualize the correlation among the original variables using principle component analysis of 329 

by uploading data.  330 

 331 

7.5.1. Select the Analyze tab in the toolbar, select Fit Y by X. Under columns, Highlight the 332 

response (i.e., percent height reduction) then click Y, response to specifythe factor being 333 

observed for Y, (i.e., percent height reduction). For the X factor, Hightlight accession and click X, 334 

factor, then select OK.  335 

 336 

7.5.2. Select the red down arrow on the Oneway Analysis bar, select Means/ANOVA. Again 337 

select the down arrow on the Oneway Analysis bar and highlight compare means then select 338 

each pair, student’s T.  339 

 340 

REPRESENTATIVE RESULTS:  341 

Two preliminary screenings using this method were performed on nine weedy rice accessions 342 

(B2, S33, B83, S97, S94, B81, B8, B34, B14) and five cultivated rice lines (PI338046, Rex, Rondo, 343 

PI312777, CL163). Weedy rice accessions and rice lines were selected based on their performance 344 

in previous allelopathic screenings conducted by Shrestha (2018)18. The weedy rice seeds were 345 

collected from across the state of Arkansas. The rice lines selected are commonly grown lines in 346 

the US, some known to express allelopathic activity (e.g., Rondo PI312777) and used as controls 347 

in this study18. The preliminary data demonstrate the potential of the stair-step method as a 348 

means to evaluate the allelopathic potential against barnyardgrass (E. crus-galli). The height of 349 

barnyardgrass plants was significantly reduced by the allopathic residues excreted through the 350 

rice roots. Competition for resources between weedy rice and barnyardgrass was eliminated, and 351 
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all plants were grown in identical conditions. Results demonstrated that the allelopathic activity 352 

against barnyardgrass varied among the weedy rice and rice cultivars. 353 

 354 

Height measurements recorded at DAT 14 were used to calculate the barnyardgrass height 355 

reduction percent. As presented in Figure 4, the height reduction was up to 30% in some donor 356 

rice accessions with one accession, B81, standing out. Five weedy rice accessions displayed more 357 

significant barnyardgrass height reduction than Rondo, the allelopathic rice standard. Weedy rice 358 

accessions B8, S33, B14, B97 reduced barnyardgrass height by 25–30%. Weedy rice accession B81 359 

exhibited the most considerable barnyardgrass height reduction by 74%, which was nearly 3x as 360 

much as the standard allelopathic rice, Rondo.  361 

 362 

[Figure 4] 363 

 364 

Height reduction of the weedy and cultivated rice accessions was also recorded to determine if 365 

barnyardgrass had any allelopathic activity. From data collected at DAT 14, there was no 366 

significant detectable height reduction of weedy rice or rice due to barnyardgrass allelochemicals 367 

in the treated column.  368 

 369 

Biomass reduction percent from data collected at DAT 21 displayed a range in barnyardgrass 370 

biomass reduction percent from 0–86%. Among the weedy rice accessions that reduced 371 

barnyardgrass height the most (S33, B97, B14, B8, B81), S33 reduced barnyardgrass biomass by 372 

approximately 84% compared to Rondo at 60% (Figure 5).  373 

 374 

[Figure 5] 375 

 376 

Chlorophyll levels of all plant samples were recorded at DAT 7 and 14. Chlorophyll reduction in 377 

barnyardgrass samples ranged from 1–14% when exposed to rice root leachates. There was 378 

variation among chlorophyll reduction levels among non-allelopathic and allelopathic rice. Of the 379 

allelopathic weedy rice accessions, B8 and S33 showed the least chlorophyll reduction (less than 380 

10%). Chlorophyll levels in rice accessions were between 0–30% with variation in levels among 381 

non-allelopathic and allelopathic accessions.  382 

 383 

FIGURE AND TABLE LEGENDS:  384 

Figure 1: Front view of the wooden base stand. A wooden base serves as the stand for the plant 385 

samples. Materials for the system are to be assembled and added depending on the number of 386 

samples needed for the experiment. In this study, two stands served as a base for 31 samples.  387 

 388 

Figure 2: Placement map. Diagram depicting placements of donor (WR/R) and receiver plants 389 

(BYG) in respective positions in the stair-step system. Two columns of the stair-step system with 390 

plants in place comprise one treatment. A single column of receiver plants served as a control for 391 

one replication (far right), a single column of donor plants as a control for each accession (center), 392 

and the treatment column consisted of alternating donor and receiver plants (far left).  393 

 394 
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Figure 3: Final stair-step structure. The stair-step system assembled with the plants in place. The 395 

system contained four rows of plant samples and a collection tank at the bottom for the solution 396 

to cycle to the top bottle and downward by gravity through each respective pot.  397 

 398 

Figure 4: Receiver plant height reduction data. The height reduction percentages of the receiver 399 

plants (E. crus-galli) displayed in ascending order when treated with the allelopathic residue from 400 

15 donor plant accessions of O. sativa along the X-axis.  401 

 402 

Figure 5: Receiver plant biomass reduction data. The biomass reduction percentages of the 403 

receiver plants (E. crus-galli) displayed in ascending order when treated with the allelopathic 404 

residue from 15 donor plant accessions of O. sativa along the X-axis.  405 

 406 

DISCUSSION:  407 

Exploiting allelopathy may potentially serve as a biological control for weeds that are difficult to 408 

manage1,7,13. Allelopathy has shown great potential as a possible solution to the weed crisis in 409 

rice and serves as an alternative or supplement to chemicals and manual weed control 410 

practices5,13,19. Identifying allelopathic varieties or accessions of crop species is the first step 411 

toward incorporating this technology into weed management strategies. As shown in this study, 412 

some accessions of weedy rice and rice (O. sativa) exhibit greater suppression of barnyardgrass 413 

(E. crus-galli). The accessions that performed best in this study are candidates for further 414 

research on allelopathy genetics and mechanisms of action. 415 

 416 

The stair-step method proved to be a useful screening technique to determine rice allelopathic 417 

potential. The methods are not limited to any one donor or recipient plant. A variety of different 418 

plants can be screened simultaneously, and the target and recipient can be easily exchanged for 419 

accurate results. Susceptibility to allelopathic compounds varies between species1. This method 420 

can provide a screening of susceptibility of the receiver plant and at the same time determine 421 

the allelopathic potential of the donor plant. 422 

 423 

It was suggested that more effort is needed to be placed on experiments that mimic field 424 

conditions12. A multitude of factors contributes to allelopathic activity, such as the environment 425 

and genetic background11,12. Greenhouse screenings can create a field setting in a controlled 426 

environment. Soil is the preferred growth medium as opposed to artificial media such as agar. 427 

The sand in this experiment provided a medium that did not alter the nutrients available, allowed 428 

the solution to flow cleanly from pot to pot, and limited microbial activity that could have 429 

affected the results. Additionally, the temperature can be set at ideal conditions for the desired 430 

species. The stair-step method provides a precise way of identifying and measuring the 431 

allelopathic activity of a plant species.  432 

 433 

One drawback of the stair-step method is that differences in the nature and amounts of 434 

allelochemicals produced by the two plant species may present results that appear as nutrient 435 

stress. The use of nutrient additives is essential to ensure adequate conditions. Species differ in 436 

their responses to different minerals, and weed species may respond better than a crop to the 437 

nutrients provided20. Allelopathy is confirmed if there are inhibitory effects even in the presence 438 
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of added nutrients20. Moreover, the stair-step method is useful only if the plant species in 439 

question is allelopathically active through root secretion16. Some species do not have active root 440 

allelopathic production, because allelochemicals can also be secreted in the form of gas and 441 

leachates from aboveground living or dead plant parts or dried tissues21,22,23. For this method to 442 

successfully demonstrate allelopathic inhibition, the specimen screened must exhibit root 443 

allelopathic activity because the system targets chemicals leached through the soil medium. 444 

 445 
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Name of Material/ Equipment Company
1.25 in by 6 in by 8 ft standard severe 

weather wood board
Lowe's, Mooresville, NC

2 in by 4 in by 8 ft white wood stud Lowe's, Mooresville, NC

63 mm (2.5 in) corner braces Lowe's, Mooresville, NC
Asporto 16 oz Round Black Plastic To Go 

Box - with Clear Lid, Microwavable – 

6.25 in by 6.25 in by 1.75 in - 100 count 

box

Restaurantware.com, Chicago, IL

ATP vinyl-flex PVC food grade plastic 

tubing, clear, .125 in id  by .25 in od, 

100 ft

Amazon, Seattle WA

Ccm-300 chlorophyll content  meter Opti-Sciences, Inc. Hudson, NH

Common 1 in by 2 in by 8 ft pine board Lowe's, Mooresville, NC

Contractors choice contractor 24-pack 

42-gallon black outdoor plastic 

construction trash bag

Lowe's, Mooresville, NC

EURO POTS Greenhouse Megastore, Danville, IL

Fisher brand petri dish with clear lid Fisher Scientific, Waltham, MA
Aexit Ac 220 V-240 V electrical 

equipment US plug 21 W 1000 L/hr  

multipurpose submersible pump

Amazon, Seattle WA

Woods 50015 WD outdoor 7 day heavy-

duty digital outlet timer
Walmart, Bentonville, AR

GE silicone 2+ 10.1 oz almond silicone 

caulk
Lowe's, Mooresville, NC

Great Value Distilled Water Walmart, Bentonville, AR
Great Value White Basket coffee filters 

200 count
Walmart, Bentonville, AR

Grip-rite primgaurd plus #9-3 in 

pollimerdex screws
Lowe's, Mooresville, NC

Hoagland’s No. 2 basal salt mixture Caisson Laboratories, INC. Smithfield, UT

JMP (14)

SAS Institute Inc. North Carolina 

State University, NC

Project source flat black spray paint Lowe's, Mooresville, NC
Project source utility 1.88 in by 165 ft 

gray duct tape
Lowe's, Mooresville, NC

Rubbermaid 2 qt square food storage 

canister clear
Walmart, Bentonville, AR
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Sealproof unreinforced PVC clear vinyl 

tubing, food-grade .5 in id by .625 in od, 

100 ft

Amazon, Seattle WA

Short Mountain Silica 50 lb Play sand Lowe's, Mooresville, NC

Steve Spangler's 1 Liter Soda Bottles - 6 

Pack - For Science Experiment Use 
Amazon, Seattle WA 



Catalog Number Comments/Description

489248 N/A

6005 Cut into appropriate sizes

809449 N/A

RWP0191B black 

B00E6BCV0G N/A

ccm/300 N/A

1408 N/A

224272 Cut to cover collection tanks

CN-EU
15 cm short black 6 in diameter 4.25 in 

height 1.37qt volume 

FB0857513 N/A

B07MBMYQNT Nozzle size should fit tubes and can be repaced

565179767 20 settings 

48394 Sealant for edges of any attached tubing 

565209428 N/A

562723371 Size may vary 

323974 N/A

HOP01/50LT ½ strength rate

N/A

282254 N/A

488070 N/A

555115144 Collection tank discard lid



B07D9CLGV3 Connects to pump 

10392 Sand should be purified

UPC 192407667341 Top step tank discard lid
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cannot be written in the imperative tense may be added as a “Note.” The protocol has been 

reviewed and edited accordingly  

5. Please ensure you answer the “how” question, i.e., how is the step performed? The protocol 

has been reviewed and edited accordingly 

6. 3.4: What are the pregerminated donor plant seedlings in your experiment? How constantly do 

you water the seedlings - once in a day? Details added 

7. 3.7: What are receiver plants in your experiment? Added 

8. 3:10: Please include what are respective positions? 3:10 was removed to avoid confusion as 
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9. 6: Please include how do you perform data collection steps – how is the height measurement 
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10. 7.3: Please include citation. Added 

11. 7.4: We cannot have commercial language in the manuscript. Please use generic terms 

instead. Please move the commercial term to the table of materials. Please include a click by 

click instruction of how this is done. Added program to materials table. Instructions for analysis 

in JMP added 
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Reviewers' comments: 
Reviewer #1: 

 

Manuscript Summary: 

The paper provides details on how to set up an experiment to estimate whether plants are 

producing root-exuded phytotoxins that may play a role in allelopathy. The experiment that they 

describe it not a new idea, but the details provided should be useful in setting such an experiment 

up. 

 

Major Concerns: 

The major issue that I have is that the data provided are not statistically analyzed. This is a 

requirement of most all journals. Data were analyzed in JMP. Statistical information has been 

added to the results as more data was recently acquired. New graphs have been presented and 

results have been revised accordingly.  

Something else to consider is that root exudates from one plant species can induce production of 

allelochemicals by a different plant species. So, the allelochemical production of both species in 

the first treatment row of Fig. 2 will likely be higher than of the plants in the other rows. This 

will make interpretation of results problematic unless chemical analyses of likely allelochemicals 

are done. The design or layout of the experiment has been planned according to previous 

research. We agree with the statement that there may be additional compound concentrations in 

the first row with the two species; however, the compounds produced are usually different for 

each species (based on literature). Some weed extracts such as E. colona have been shown to 

have germination effects on rice depending on plant density1. We conducted this experiment with 

this in mind, as the plant density of the target (E. crus-galli) was kept low to avoid high 

accumulation of these allelochemicals. The barnyardgrass control row has been added in this 

experiment as a way to check for any effect of the barnyardgrass on the rice in the system. The 

effect of the barnyardgrass on rice (if any) were noted, and no significant reduction in weedy rice 

or rice was found. Future research using a modified stair step structure could be conducted to 

avoid interacting allelochemicals from different species.  
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41 - ..thus reducing potential yield losses due… Revised  

49 - Change precise to quantitative. I do not think that there is any precise method of determining 

allelopathic potential. Revised  

57 - change crop to plant Revised  

71 - ref. 5 does not seem to be a good primary reference for this statement Added reference  

73 - change have to has Revised 

76 - This is a very poor reference for this statement. New reference added 

77 - ..and sometimes pose… Revised 

82 - Delete The Revised 

82-83 - This is not always true. The sentence has been revised, and citations added. 

115-117 - Unclear. Rewrite. Revised 

336- From where were these accessions obtained? What about the cultivated rice lines? Details 
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provided  

425-435 - With perennials, allelochemicals can be leached from dead litter of shoot tissues. 
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450 -Bertin, not Betin Revised 

478 - IRRI, not Irri Revised 

483 - Table 1? Mistake removed  
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Stand Construction 

1) please convert the units of measurement from ft to meters (if it was requested by the journal 

guidelines please ignore my suggestion); Units converted to metric  

2) Is there any specific reason concerning the dimensions and differences in level between the 

benches (Eg. to allow water movements by gravity etc.) if yes please specify it in a note at the 

end of the paragraph. Notes added 

 

Planting 

1) Please specify or suggest the kind of soil you have used for the experiments (Eg. classic 

potting soil, silver sand, quartz sand etc.) giving information concerning the physicochemical 

properties of the material used Specifications added  

2) Authors says "Transplant 6 pregerminated donor plant seedlings into sand evenly spaced": do 

you pregerminated the seeds in petri dishes? Have you done any pre-treatment on seed to 

synchronize germination and to break dormancy? Do you use a sterilization protocol? Please 

give all the necessary information. Steps to protocol added  

 

Please add error bars and statistical analysis to your data. Data updated  



ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 Schumaker B. C., Stallworth S., De Castro E., Shrestha S., and Tseng T. M.

Development of a repeatable stair-step assay to access the allelopathic potential 
of weedy rice (Oryza sativa ssp.)

Document Ref: YZ5TL-QX5LL-GHRFA-RSMRE Page 1 of 3

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);JoVE60764 (4).pdf

https://www.editorialmanager.com/jove/download.aspx?id=1128971&guid=47d540a6-c21a-4d05-8895-a8120cb30bed&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1128971&guid=47d540a6-c21a-4d05-8895-a8120cb30bed&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

Te Ming Tseng

Plant and Soil Sciences

Development of a repeatable stair-step assay to access the allelopathic potential 
of weedy rice (Oryza sativa ssp.)

Mississippi State University

09/03/2019

Document Ref: YZ5TL-QX5LL-GHRFA-RSMRE Page 3 of 3



Signature Certificate
Document Ref.: YZ5TL-QX5LL-GHRFA-RSMRE

Document signed by:

Te Ming Tseng
Verified E-mail:
t.tseng@msstate.edu

IP: 130.18.201.218 Date: 03 Sep 2019 16:37:05 UTC

Document completed by all parties on:
03 Sep 2019 16:37:05 UTC

Page 1 of 1

Signed with PandaDoc.com

PandaDoc is the document platform that boosts your
company's revenue by accelerating the way it transacts.


