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Supplementary information

Supplementary Table 1. Overview of the 351 papers used in the meta-analysis of the effects of increased plant species diversity on predators,

parasitoids, herbivores and plants. For each paper, the table indicates whether it provides information on abundance (N), diversity (D), and impact (I,

indicating herbivore damage, predation and parasitism, respectively) of the herbivores, predators and parasitoids, as well as information on plant growth (G),

reproductive output (R) and quality (Q). The trophic cascade column indicates whether a bi- or tri-trophic interaction was studied, and if yes which one.

No. Study Herbivore Predator Parasitoid Plant Trophic Plant life form Ecosystem type Replications
N D I N D | N D | G R Q interaction for each study
1 Abdala-Roberts et al. (2016) N N Parasitoid — herbivore Woody plant Forest 3
2 Abdala-Roberts et al. (2015) \ Y Predator — herbivore Woody plant Forest 4
3 Abou-Elela et al. (2012) \ No trophic interaction Herbaceous plant Agroecosystem 3
4 Adati et al. (2011) \ \ Parasitoid — herbivore Herbaceous plant Agroecosystem 3
5 Adhikari and Reddy (2017) \ \ \ Herbivore — plant Herbaceous plant Agroecosystem 6
6 Agegnehu et al. (2008) NN No trophic interaction Herbaceous plant Agroecosystem 4
7 Alalouni et al. (2014) S No trophic interaction Woody plant Forest 3
8 Alghali (1993) \ \ \ Herbivore — plant Herbaceous plant Agroecosystem 3
9 Allan et al. (2011) S No trophic interaction Herbaceous plant Grassland 4
10 Altieri and Gliessman (1983) \ \ \ Herbivore — plant Herbaceous plant Agroecosystem 3
11 Altieri and Schmidt (1986) \ \ v Herbivore — plant Woody plant Agroecosystem 3
12 Amini et al. (2013) AR No trophic interaction Herbaceous plant Agroecosystem 3
13 Amoako and Kidega. (1983) N No trophic interaction Herbaceous plant Agroecosystem 4
14 Amoako-Atta and Omolo (1983) \ \ Herbivore — plant Herbaceous plant Agroecosystem 4
15 Andow (1990) S R S Predator — herbivore — plant Herbaceous plant Agroecosystem 5
16 Andow and Risch (1985) \ R v Predator — herbivore Herbaceous plant Agroecosystem 4
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No trophic interaction
No trophic interaction
No trophic interaction

No trophic interaction
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Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Woody plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant

Herbaceous plant

Agroecosystem
Agroecosystem
Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Grassland
Agroecosystem
Agroecosystem
Forest
Agroecosystem
Agroecosystem
Forest
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem

Grassland



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

Ribeiro and Gontijo (2017)
Risch (1979)
Risch (1981)

Roda et al. (1997)
Rosado-Sanchez et al. (2018a)
Rosado-Sanchez et al. (2018b)

Roscher et al. (2011)
Roscher et al. (2013)
Roscher et al. (2018)
Roscher et al. (2016)
Rusinamhodzi et al. (2006)
Ryan et al. (1980)
Saeed et al. (2013)
Santalla et al. (1994)
Santalla et al. (1995)
Sarker et al. (2009)
Schader et al. (2005)
Schellhorn and Sork (1997)
Scherber et al. (2006a)
Scherber et al. (2006b)
Schmidt (2015)
Schmidtke et al. (2010)
Schmitz et al. (2013)
Scholte (2015)
Schuldt et al. (2010)

Schuldt et al. (2014)

2. 2 =2 2

A e

R
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Predator / Parasitoid— herbivore

No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
Herbivore — plant
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
Predator — herbivore — plant
No trophic interaction
No trophic interaction
Herbivore — plant
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction

No trophic interaction

Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous/woody plants
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant

Woody plant

Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Forest
Forest
Grassland
Grassland
Grassland
Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Grassland
Grassland
Forest
Grassland
Grassland
Agroecosystem
Forest

Forest



273

274

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

Schuldt et al. (2015)

Schuldt et al. (2019)

Schuldt et al. (2019)
Seabloom et al. (2017)

Seagraves and Yeargan (2006)
Sekamatte et al. (2003)
Sherawat et al. (2012)
Shi et al. (2014)

Showler and Greenberg (2003)

Sibhatu et al. (2015)
Siemann et al. (1998)
Sigsgaard (1999)
Silva et al. (2010)
Singh et al. (2017)
Sirrine et al. (2008)
Skelton and Barrett (2005)
Skovgard and Pats (1996)
Smith et al. (2000a)
Smith and Mcsorley (2000)
Smith et al. (2000b)
Smith (1976)

Smith (1969)
Soundararajan and Chitra (2012)
Staab et al. (2014)

Staudacher et al. (2013)

2 2 2 2 2 2 2 2

No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
Herbivore — plant
Predator — herbivore— plant

Predator — herbivore

Predator / Parasitoid— herbivore—

plant
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
Predator — herbivore
No trophic interaction
Predator— herbivore— plant
Parasitoid — herbivore
No trophic interaction
Parasitoid — herbivore
Predator — herbivore
Herbivore — plant
Predator — herbivore
Predator — herbivore
No trophic interaction

Herbivore — plant
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Woody plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant

Woody plant

Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant

Herbaceous plant

Forest
Forest
Grassland
Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem

Agroecosystem

Agroecosystem
Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Forest

Agroecosystem



297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

Steinauer et al. (2016)
Stephens et al. (1998)
Straub et al. (2013)
Straub et al. (2014)
Sujayanand et al. (2015)
Sun et al. (2017)
Symstad et al. (2000)
Tahvanainen and Root (1972)
Tajmiri et al. (2017)
Theunissen et al. (1995)
Theunissen and Ouden (1980)
Tillman et al. (2004)
Tillman (2006)
Tillman and Mullinix (2004)
Tillman et al. (2001)
Tillman et al. (1996)
Toko et al. (1996)
Tomaseto et al. (2019)
Tonhasca (2011)
Tonhasca-Jr and Stinner (1991)
Trdan et al. (2005)
Tukahirwa and Coaker (1982)
Tulli et al. (2013)

Uvah and Coaker (1984)
van Moorsel et al. (2017)

van Moorsel et al. (2018)

<. 2 2 =2

R .

2. 2 =2 =2

No trophic interaction

No trophic interaction
Predator —Herbivore — plant

No trophic interaction
Predator — herbivore— plant

No trophic interaction

No trophic interaction

Parasitoid — herbivore — plant

Predator — herbivore

No trophic interaction

No trophic interaction
Predator — herbivore— plant

No trophic interaction

Predator / Parasitoid — herbivore

No trophic interaction

No trophic interaction

No trophic interaction

No trophic interaction

No trophic interaction

No trophic interaction

No trophic interaction

Herbivore — plant

Predator — herbivore

Predator — herbivore

No trophic interaction

No trophic interaction
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Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Woody plant
Woody plant
Herbaceous plant
Herbaceous plant
Woody plant
Woody plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Herbaceous plant

Herbaceous plant

Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem

Forest

Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem

Grassland

Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem

Grassland

Grassland



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

van Ruijven and Berendse (2003)

Verdelli et al. (2012)
Wagg et al. (2017)
Wan et al. (2015)
Wan et al. (2019)
Wan et al. (2014a)
Wan et al. (2014b)
Wan et al. (2018)
Wan et al. (2016)
Wang et al. (2011)
Waterworth (1994)

Weigelt et al. (2009)
Weiss et al. (1994)

Weisser et al. (2017)

Welti et al. (2017)

Werling et al. (2012)
Wilson et al. (2010)
Woltz et al. (2012)
Xie et al. (2012)
Xu et al. (2011)
Yang et al. (2018)
Yao et al. (2012)
Zeng et al. (2017)
Zhang et al. (2017)

Zhang et al. (2007)

Predator / Parasitoid — herbivore

14

No trophic interaction
No trophic interaction
No trophic interaction
Predator — herbivore
No trophic interaction
Predator — herbivore
Predator — herbivore
Predator — herbivore

No trophic interaction

Predator — herbivore— plant

No trophic interaction
No trophic interaction
Herbivore — plant

No trophic interaction

Predator / Parasitoid —

herbivore—plant
No trophic interaction
No trophic interaction

No trophic interaction

No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction
No trophic interaction

No trophic interaction

Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Woody plant
Woody plant
Woody plant
Woody plant
Woody plant
Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant

Herbaceous plant

Herbaceous plant
Woody plant
Herbaceous plant
Herbaceous plant
Herbaceous plant
Woody plant
Herbaceous plant
Woody plant
Woody plant

Herbaceous plant

Grassland
Agroecosystem
Grassland
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Agroecosystem
Grassland
Agroecosystem
Grassland

Grassland

Agroecosystem
Forest
Agroecosystem
Agroecosystem
Agroecosystem
Forest
Agroecosystem
Forest
Forest

Agroecosystem



348

349

350

351

Zhang et al. (2017)

Zhou et al. (2013a)

Zhou et al. (2013b)

Zhu et al. (2015)

Predator / Parasitoid — herbivore
Predator / Parasitoid— herbivore—
plant
Herbivore — plant

Predator — herbivore

Woody plant

Herbaceous plant

Herbaceous plant

Herbaceous plant

Agroecosystem

Agroecosystem

Agroecosystem

Grassland
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Supplementary Table 2. Overview of the meta-regression models used to test our research questions. For each model, the table gives the predictor variables included,

the Akaike information criterion (AIC), the reference model (model 1) for the log-likelihood ratio test, and the statistics of the log-likelihood ratio tests (log-likelihoods [L-L], X?,

degrees of freedom compared to the reference model [d.f.] and the corresponding P-value) based on model comparisons. Model 1 was nested within Model 1.1—1.4; and

Model 2 was nested within Model 2.1-2.4. Details on the comparison between Model 1 and Model 2 are provided in Supplementary Methods. The response variable in all

models was the effect size of the responses of predators, parasitoids, herbivores and plants to the different comparison groups. There were 2914 effect sizes from 351 papers.

Trophic group included predators, parasitoids, herbivores and plants. Ecosystem type included agroecosystems, forests and grasslands. Plant life form comprised herbaceous

and woody plants. Biome type was divided into tropical and temperate biomes. Trophic group response category included predator abundance, predator diversity, predation,

parasitoid abundance, parasitoid diversity, parasitism, herbivore abundance, herbivore diversity, herbivore damage, and the growth, reproduction and quality of plants.

Model Question Predictor variables AIC Ref. L—-L X? d.f. n P-value
1 1 Trophic group 13415 - -6702 - - 2914 -
1.1 2 Trophic group x ecosystem type 13154 1 -6564 277.4769 8 2914 2.5381 %1055
1.2 2 Trophic group x plant life form 13390 1 -6686 33.2191 4 2914 1.0772x10%
1.3 2 Trophic group x biome type 13333 1 -6657 90.5556 4 2914 1.0034x10°'8
1.4 1 Trophic group x logz (added plant species over control) 13302 1 -6645 115.1857 1 2914 7.1662x1027
2 1 Trophic group response category 13279 1 -6626 152.6005 8 2914 5.6212x102°
21 2 Trophic group response category x ecosystem type 13034 2 -6481 290.3348 23 2914 4.0837x108
2.2 2 Trophic group response category x plant life form 13241 2 -6595 61.3552 12 2914 1.2766x108
23 2 Trophic group response category x biome type 13194 2 -6572 109.1011 12 2914 9.0099x 1018
2.4 1 Trophic group response category xlog2 (added plant species over control) 13206 2 -6589 75.0215 1 2914 4.6562x 1018
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Supplementary Table 3. Results of publication bias assessment based on the residuals from the various models. The results include the test-statistics and P-
values of the regression tests. Trophic group included predators, parasitoids, herbivores and plants. Ecosystem type included agroecosystems, forests and grasslands. Plant
life form comprised herbaceous and woody plants. Biome type was divided into tropical and temperate biomes. Trophic group response category includes predator abundance,
predator diversity, predation, parasitoid abundance, parasitoid diversity, parasitism, herbivore abundance, herbivore diversity, herbivore damage, and the growth, reproduction

and quality of plants.

Model Predictor variables n Regression test value P-value
1 Trophic group 2914 0.4894 0.6246
1.1 Trophic group x ecosystem type 2914 0.6356 0.5250
1.2 Trophic group x plant life form 2914 0.4184 0.6757
13 Trophic group x biome type 2914 0.0332 0.9735
14 Trophic group x logz (added plant species over control) 2914 0.4897 0.6244
2 Trophic group response category 2914 0.4860 0.6270
2.1 Trophic group response category x ecosystem type 2914 0.3433 0.7314
22 Trophic group response category x plant life form 2914 0.5507 0.5818
23 Trophic group response category x biome type 2914 0.4497 0.6529
24 Trophic group response category xlog. (added plant species over control) 2914 -0.3149 0.7528
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Supplementary Table 4. Results of the meta-regression analysis for the four trophic groups and their
response categories (as presented also in Fig. 2a). In addition to the estimated mean effect sizes, test-
statistics (t-value), and the associated P-values, the number of studies (#Studies) and observations (#0bs)

available for each predictor category are also presented.

Category #0Obs #Studies Effect size t-value P-value
Total predator response 709 128 0.7658 10.7642 0.0000
Total parasitoid response 160 57 0.8016 8.3821 0.0000
Total herbivore response 1004 218 -0.9963 -14.9740 0.0000
Total plant response 1041 163 0.6832 14.4656 0.0000
Predator abundance response 524 108 0.6941 8.7337 0.0000
Predator diversity response 138 21 0.8035 4.6628 0.0000
Predation response 47 14 1.4575 4.4502 0.0000
Parasitoid abundance response 58 25 0.8412 5.5771 0.0000
Parasitoid diversity response 25 6 2.0013 5.9806 0.0000
Parasitism response 77 37 0.3882 3.9103 0.0001
Herbivore abundance response 617 172 -1.0868 -15.4267 0.0000
Herbivore diversity response 57 12 0.9556 7.1694 0.0000
Herbivore damage response 330 81 -1.1920 -8.2389 0.0000
Plant growth response 629 103 0.9702 14.6716 0.0000
Plant quality response 114 17 0.1746 2.2793 0.0226
Plant reproduction response 298 78 0.3484 4.0945 0.0000
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Supplementary Table 5. Results of the meta-regression analysis for the four trophic groups and their
response categories for different ecosystems (agroecosystems, grasslands and forests) (as presented
also in Fig. 2b). In addition to the estimated mean effect sizes, test-statistics (t-value), and the associated P-
values, the number of studies (#Studies) and observations (#Obs) available for each predictor category are also

presented.
Category #Studies #Obs Effect size t-value P-value
Agroecosystem-Predator 104 533 0.7377 11.1120 0.0000
Agroecosystem-Parasitoid 49 124 0.5081 6.2265 0.0000
Agroecosystem-Herbivore 177 732 -1.3648 -20.6466 0.0000
Agroecosystem-Plant 98 541 0.3365 5.5884 0.0000
Grassland-Predator 13 64 1.0894 6.5970 0.0000
Grassland-Parasitoid 7 29 2.0684 5.0032 0.0000
Grassland-Herbivore 19 133 0.6487 4.0185 0.0001
Grassland-Plant 49 391 1.2260 14.6417 0.0000
Forest-Predator 12 112 -0.0518 -0.1466 0.8834
Forest-Parasitoid 2 7 1.7774 2.8230 0.0048
Forest-Herbivore 23 139 -0.1956 -0.9692 0.3325
Forest-Plant 16 109 0.5247 4.6268 0.0000
Agroecosystem-Predator abundance 93 457 0.7253 9.1985 0.0000
Agroecosystem-Predator diversity 10 51 0.7625 5.9792 0.0000
Agroecosystem-Predation 11 25 0.6902 4.1815 0.0000
Agroecosystem-Parasitoid abundance 22 47 0.6554 5.0789 0.0000
Agroecosystem-Parasitoid diversity 1 4 1.9160 2.9840 0.0028
Agroecosystem-Parasitism 35 73 0.3545 3.4713 0.0005
Agroecosystem-Herbivore abundance 150 498 -1.1468 -16.4129 0.0000
Agroecosystem-Herbivore diversity 2 10 0.2724 1.1061 0.2687
Agroecosystem-Herbivore damage 63 224 -2.0734 -13.0873 0.0000
Agroecosystem-Plant growth 42 227 0.3966 3.6273 0.0003
Agroecosystem-Plant quality 7 57 0.1683 1.5912 0.1116
Agroecosystem-Plant reproduction 74 257 0.3547 3.9416 0.0001
Grassland-Predator abundance 8 27 1.1019 2.5273 0.0115
Grassland-Predator diversity 7 28 0.7381 4.6850 0.0000
Grassland-Predation 1 9 2.5662 5.3871 0.0000
Grassland-Parasitoid abundance 3 11 2.7718 2.2293 0.0258
Grassland-Parasitoid diversity 4 15 1.9959 3.8621 0.0001
Grassland-Parasitism 1 3 1.3204 2.6621 0.0078
Grassland-Herbivore abundance 12 64 -0.2469 -1.3172 0.1878
Grassland-Herbivore diversity 9 41 1.0695 6.4541 0.0000
Grassland-Herbivore damage 5 28 2.0515 4.3985 0.0000
Grassland-Plant growth 45 307 1.4553 15.8847 0.0000
Grassland-Plant quality 6 44 0.3787 1.8834 0.0597
Grassland -Plant reproduction 3 40 0.3856 1.4940 0.1352
Forest-Predator abundance 7 40 -0.4657 -1.0760 0.2819
Forest-Predator diversity 5 59 -0.3066 -0.6174 0.5370
Forest-Predation 2 13 3.7468 2.3683 0.0179
Forest-Parasitoid abundance / / / /
Forest-Parasitoid diversity 2 6 2.1357 3.1846 0.0014
Forest-Parasitism 1 0.0184 0.0225 0.9820
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Forest-Herbivore abundance
Forest-Herbivore diversity
Forest-Herbivore damage

Forest-Plant growth
Forest-Plant quality
Forest-Plant reproduction

10

13
16

55

78
95
13

-1.8181
2.7197
0.2660
0.6675
-0.1325
-2.1727

-3.7965
3.8566
1.4710
5.2210
-0.5670
-2.1207

0.0001
0.0001
0.1413
0.0000
0.5707
0.0339
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Supplementary Table 6. Results of the meta-regression analysis for the four trophic groups and their
response categories for two plant life forms (herbaceous plants and woody plants) (as presented also in
Fig. 2c). In addition to the estimated mean effect sizes, test-statistics (t-value), and the associated P-values, the

number of studies (#Studies) and observations (#Obs) available for each predictor category are also presented.

Category #Studies #Obs Effect size t-value P-value

Herbaceous plant-Predator 94 427 0.8530 10.6891 0.0000
Herbaceous plant-Parasitoid 45 125 0.7226 6.5963 0.0000
Herbaceous plant-Herbivore 162 732 -1.1435 -15.0542 0.0000
Herbaceous plant-Plant 133 852 0.7606 13.6591 0.0000
Woody plant-Predator 35 282 0.5376 3.9282 0.0001
Woody plant-Parasitoid 13 35 1.0288 5.4826 0.0000
Woody plant-Herbivore 57 272 -0.5645 -4.3283 0.0000
Woody plant-Plant 32 189 0.3971 4.8824 0.0000
Herbaceous plant-Predator abundance 79 326 0.8464 7.6436 0.0000
Herbaceous plant-Predator diversity 15 67 0.7372 7.3061 0.0000
Herbaceous plant-Predation 12 34 1.0171 5.5593 0.0000
Herbaceous plant-Parasitoid abundance 17 40 0.7341 4.2495 0.0000
Herbaceous plant-Parasitoid diversity 5 19 1.9803 4.8938 0.0000
Herbaceous plant-Parasitism 31 66 0.3511 3.1282 0.0018
Herbaceous plant-Herbivore abundance 133 475 -1.1346 -14.6576 0.0000
Herbaceous plant-Herbivore diversity 11 51 0.8011 6.7085 0.0000
Herbaceous plant-Herbivore damage 55 206 -1.8264 -9.2744 0.0000
Herbaceous plant-Plant growth 83 523 1.0551 13.6863 0.0000
Herbaceous plant-Plant quality 12 80 0.2324 2.1810 0.0292
Herbaceous plant-Plant reproduction 65 249 0.3708 3.9714 0.0001
Woody plant-Predator abundance 29 198 0.5054 4.5280 0.0000
Woody plant-Predator diversity 7 71 0.0832 0.1991 0.8422
Woody plant-Predation 2 13 3.7468 2.3683 0.0179
Woody plant-Parasitoid abundance 8 18 1.2489 3.1602 0.0016
Woody plant-Parasitoid diversity 2 6 2.1357 3.1846 0.0014
Woody plant-Parasitism 6 11 0.6941 2.6533 0.0080
Woody plant-Herbivore abundance 39 142 -0.9201 -5.5584 0.0000
Woody plant-Herbivore diversity 2 6 2.7197 3.8566 0.0001
Woody plant-Herbivore damage 26 124 -0.2626 -1.3645 0.1724
Woody plant-Plant growth 20 106 0.5996 5.1781 0.0000
Woody plant-Plant quality 6 34 0.1016 0.7459 0.4557
Woody plant-Plant reproduction 14 49 0.2411 1.1479 0.2510
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Supplementary Table 7. Results of the meta-regression analysis for the four trophic groups and their
response categories for two biomes (tropical and temperate biomes) (as presented also in Fig. 2d). In
addition to the estimated mean effect sizes, test-statistics (t-value), and the associated P-values, the number of

studies (#Studies) and observations (#Obs) available for each predictor category are also presented.

Category #Studies #Obs Effect size t-value P-value

Tropical biome - Predator 25 96 0.2471 2.4514 0.0142
Tropical biome - Parasitoid 14 39 0.2941 2.1798 0.0293
Tropical biome - Herbivore 53 288 -1.5239 -12.9746 0.0000
Tropical biome - Plant 38 275 0.1389 1.5783 0.1145
Temperate biome - Predator 103 613 0.8564 10.0424 0.0000
Temperate biome - Parasitoid 43 121 1.0228 8.2026 0.0000
Temperate biome - Herbivore 165 716 -0.7709 -9.8158 0.0000
Temperate biome - Plant 125 766 0.8803 16.1906 0.0000
Tropical biome - Predator abundance 24 85 0.1785 1.7274 0.0841
Tropical biome - Predator diversity 3 6 1.1749 3.2776 0.0010
Tropical biome - Predation 2 5 0.1426 0.3063 0.7594
Tropical biome - Parasitoid abundance 6 11 0.5724 2.1275 0.0334
Tropical biome - Parasitoid diversity 1 1 0.1246 0.1522 0.8791
Tropical biome - Parasitism 13 27 0.2357 1.3794 0.1678
Tropical biome - Herbivore abundance 42 178 -1.0490 -8.8274 0.0000
Tropical biome - Herbivore diversity 1 1 1.0103 1.2842 0.1991
Tropical biome - Herbivore damage 22 109 -2.6673 -10.3508 0.0000
Tropical biome - Plant growth 15 105 0.1942 1.0434 0.2968
Tropical biome - Plant quality 15 41 0.0435 0.3652 0.7149
Tropical biome - Plant reproduction 31 129 0.1585 1.1544 0.2483
Temperate biome - Predator abundance 84 439 0.8024 8.1599 0.0000
Temperate biome - Predator diversity 18 132 0.7780 4.1507 0.0000
Temperate biome - Predation 12 42 1.6998 4.5381 0.0000
Temperate biome - Parasitoid abundance 19 47 1.0666 4.9821 0.0000
Temperate biome - Parasitoid diversity 5 24 2.1023 6.2241 0.0000
Temperate biome - Parasitism 24 50 0.5065 3.9834 0.0001
Temperate biome - Herbivore abundance 130 439 -1.1134 -12.6978 0.0000
Temperate biome - Herbivore diversity 15 56 0.9693 6.9762 0.0000
Temperate biome - Herbivore damage 59 221 -0.5248 -3.2716 0.0011
Temperate biome - Plant growth 88 524 1.0983 16.1757 0.0000
Temperate biome - Plant quality 12 73 0.3009 2.4900 0.0128
Temperate biome - Plant reproduction 47 169 0.4831 4.3758 0.0000
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Supplementary Table 8. Results of the meta-regression analysis for predator/parasitoid performance

(predator abundance, predation, parasitoid abundance and parasitism), herbivore performance (herbivore

abundance and herbivore damage) and plant performance (plant growth, quality and reproduction) and

their response categories in pairwise correlation analysis (as presented also in Fig. 3). In addition to the

estimated mean effect sizes, test-statistics (t-value), and the associated P-values, the number of studies

(#Studies) and observations (#0bs) available for each predictor category are also presented.

cosystem ategory S tudies ect size  t-value -value
E C #0Ob #Studi Effe i | P-val
Predator performance
Terrestrial ecosystem P . 315 88 0.8957 13.2168 0.0000
(Predator performance vs. herbivore performance)
. Parasitoid performance
Terrestrial ecosystem L . 102 37 0.9178 8.9220 0.0000
(Parasitoid performance vs. herbivore performance)
. Predator and parasitoid performance
Terrestrial ecosystem o . 417 104 0.9083 15.8370  0.0000
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Terrestrial ecosystem P . 315 88 -1.1832 -16.9569 0.0000
(Predator performance vs. herbivore performance)
Herbivore performance
Terrestrial ecosystem L P . 102 37 -1.2463  -8.9769  0.0000
(Parasitoid performance vs. herbivore performance)
Herbivore performance
Terrestrial ecosystem o P . 417 104 -1.1940 -19.2129 0.0000
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Terrestrial ecosystem . P 294 75 -1.0951 -15.0027 0.0000
(Herbivore performance vs. plant performance)
Plant performance
Terrestrial ecosystem- . P . 294 75 0.7641 11.0308 0.0000
(Herbivore performance vs. herbivore performance)
Predator and parasitoid performance
Agroecosystem o . 361 87 0.8196 14.9802  0.0000
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Agroecosystem o . 361 87 -1.1468 -19.5878 0.0000
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Agroecosystem . 241 63 -1.2687 -16.4049 0.0000
(Herbivore performance vs. plant performance)
Plant performance
Agroecosystem . 241 63 0.9018 11.4624  0.0000
(Herbivore performance vs. plant performance)
Predator and parasitoid performance
Grassland o . 30 9 2.3626 6.0439 0.0000
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Grassland L . 30 9 -1.7679  -3.7725 0.0002
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Grassland . 12 4 0.3082 0.8897 0.3736
(Herbivore performance vs. plant performance)
Plant performance
Grassland . 12 4 -0.1060  11.4624 0.7449
(Herbivore performance vs. plant performance)
Predator and parasitoid performance
Forest o . 26 8 0.7586 1.6901 0.0910
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Forest . . 26 8 -0.9594  -3.1877 0.0014
(Predator and parasitoid performance vs. herbivore performance)
Herbivore performance
Forest . 41 8 -0.2306  -1.4894 0.1364
(Herbivore performance vs. plant performance)
Plant performance
Forest 41 8 0.3159 2.2080 0.0272

(Herbivore performance vs. plant performance)

23



Supplementary Table 9. Results of the meta-regression analysis for predator/parasitoid performance
(predator abundance, predation, parasitoid abundance and parasitism), herbivore performance (herbivore
abundance and herbivore damage) and plant performance (plant growth, quality and reproduction) and
their response categories in path analysis (as presented also in Fig. 4). In addition to the estimated mean
effect sizes, test-statistics (t-value), and the associated P-values, the number of studies (#Studies) and

observations (#0bs) available for each predictor category are also presented.

Ecosystem Category #0bs  #Studies Effect size t-value

P-value

Predator and parasitoid performance
Terrestrial ecosystem (Predator and parasitoid performance vs. 136 39 0.9582 10.8925
herbivore performance vs. plant)
Herbivore performance
Terrestrial ecosystem (Predator and parasitoid performance vs. 136 39 0.8976  -11.8735
herbivore performance vs. plant)
Plant performance
Terrestrial ecosystem (Predator and parasitoid performance vs. 136 39 0.7373 8.1154
herbivore performance vs. plant)
Predator and parasitoid performance
(Predator and parasitoid performance vs. 119 33 0.9582 10.8925
herbivore performance vs. plant)

Agroecosystem

Herbivore performance
(Predator and parasitoid performance vs. 119 33 -0.8976 -11.8735
herbivore performance vs. plant)

Agroecosystem

Plant performance
Agroecosystem (Predator and parasitoid performance vs. 119 33 0.7373 8.1154

herbivore performance vs. plant)

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Supplementary Table 10. Results of the association analyses of response categories for the two pairs of
trophic groups—predator (abundance and predation) and parasitoid (abundance and parasitism)
performance vs. herbivore (abundance and damage) performance, and herbivore (abundance and
damage) performance vs. plant (growth, reproduction and quality) performance for the different
ecosystems, plant life forms and biomes. The predictor and response columns specify the trophic group pairs
and the moderator category. The slope estimate represents the strength of the relationship. Besides the test-
statistics (t-value) and P-values, the number of studies (#Studies) and observations (#0bs) for the predictor-

response pair are also presented.

Predictor Response #Studies #Obs Slope Estimate t-value P-value

Predator performance-Terrestrial ecosystem Herbivore performance 88 315 -0.1907 -2.6497 0.0085
Predator and parasitoid performance-Terrestrial ecosystem Herbivore performance 104 417 -0.1992 -3.3650 0.0008
Parasitoid performance-Terrestrial ecosystem Herbivore performance 37 102 -0.2400 -2.5352 0.0128
Predator and parasitoid performance- Agroecosystem Herbivore performance 87 361 -0.1327 -1.9719 0.0494
Predator and parasitoid performance -Grassland Herbivore performance 9 30 -0.6079 -4.4164 0.0001
Predator and parasitoid performance —Forest Herbivore performance 8 26 -0.4950 -2.3163 0.0294
Predator and parasitoid performance - Herbaceous plant Herbivore performance 77 296 -0.2807 -5.3179 0.0000
Predator and parasitoid performance - Woody plant Herbivore performance 27 121 0.0378 0.2084 0.8352
Predator and parasitoid performance - Tropical biome Herbivore performance 25 117 -0.3150 -3.5891 0.0000
Predator and parasitoid performance - Temperate Herbivore performance 79 300 -0.1511 -2.0173 0.0446
Herbivore performance - Terrestrial ecosystem Plant performance 75 294 -0.0507 -1.1982 0.2318
Herbivore performance - Agroecosystem Plant performance 63 241 -0.0032 -0.0677 0.9461
Herbivore performance - Grassland Plant performance 4 12 -0.1576 -0.9340 0.3723
Herbivore performance - Forest Plant performance 8 41 0.1146 0.7637 0.4496

Herbivore performance - Herbaceous plant Plant performance 59 202 -0.0350 -0.6088 0.5433
Herbivore performance - Woody plant Plant performance 16 92 -0.0719 -1.3622 0.1765
Herbivore performance - Tropical biome Plant performance 22 100 0.0356 0.3994 0.6904
Herbivore performance - Temperate Plant performance 53 194 -0.0947 -2.1084 0.0363
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Supplementary Table 11. Results of the path analyses for the effects of the increased plant species

diversity on the tri-trophic interactions of predator (abundance and predation) and parasitoid (abundance

and parasitism) performance, herbivore (abundance and damage) performance, and plant (growth,

reproduction and quality) performance in terrestrial ecosystems and agroecosystems. The predictor and

response columns specify the trophic group pairs and the moderator category. The estimate represents the

strength of the relationship. The std. estimate denotes the standardized estimate coefficients for the fitted path-

analytic models. The number of studies (#Studies) and observations (#0bs) for the predictor-response pair are

also presented.

Ecosystem Predictor Response #Studies #0Obs Estimate  Std. Estimate P-value
All terrestrial Predator and parasitoid 39 136 0.3471 0.1213 0.0646
Increased plant species diversity
ecosystems performance
Predator and parasitoid performance Herbivore performance 39 136 -0.1953 -0.2235 0.0017
Increased plant species diversity Herbivore performance 39 136 0.1168 0.0467 0.4007
Herbivore performance Plant performance 39 136 -0.0453 -0.0500 0.4254
Increased plant species diversity Plant performance 39 136 -0.0026 -0.0012 0.9851
Agroecosystems Predator and parasitoid 39 136 0.2718 0.0893 0.1946
Increased plant species diversity
performance
Predator and parasitoid performance Herbivore performance 39 136 -0.2998 -0.3209 0.0001
Increased plant species diversity Herbivore performance 39 136 0.0564 0.0198 0.7401
Herbivore performance Plant performance 39 136 -0.0466 -0.0502 0.4896
Increased plant species diversity Plant performance 39 136 0.2466 0.0936 0.2272
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Supplementary Methods

Further description of study selection

In agroecosystems, some plant species diversity studies on intercropping or diversification of the
vegetation cover were combined with tests of crop rotation. In those cases, we considered only the
spatial (within-year) component, not the temporal component caused by (between-year) crop rotation.
If the number of replicates was not given in a certain cited study, we referred to other similar literature
to find out the number of replicate. Among the 351 studies, only one study (e.g. Smith, 1969)" did not
provide the actual number of replicates, and so we downloaded the Ph. D thesis of the original authors
(Smith JG) and found that four replicates were used. For studies that included more than one location,
we considered these experimental observations separately in each location and used the longitudes
and latitudes of all locations in Fig.1, respectively. Among the 351 studies, there were 5 observational
studies of plant species diversity where the authors used the average values of different locations
having the same lower plant species diversity as the control group, and the average values of different
locations with the same higher plant species diversity as the treatment group. When the means of
observed plant performance indicators (e.g., plant biomass in seven studies, plant shoot length in one
study), or the indicators for herbivores (e.g., herbivore richness in one study, herbivory rate in one
study, herbivore abundance in three studies), parasitoids (e.g., parasitoid species richness in one
study) and predators (e.g., predator abundance in one study, predator species richness in three
studies) were not presented in the study, we extracted these values directly from the figures (e.g. if a
linear or a non-linear relationship between plant species richness and one of these indicators were
shown in a figure in the paper, we extracted the values from the fitting equations).

When the treatment group was paired with the control group, we excluded multiple comparisons
within a single study, and we selected different comparison data (observations with lowest plant
diversity were considered as control group while the others as the treatment group). Generally, in
experimental studies (where the number of plant species could be manipulated) just a single plant
species represented the control group, while in observational studies the control group could
sometime include more than one plant species. Although 47 studies were carried out at the Jena
Experiment, 16 at the Cedar Creek Experiment and 6 at the BEF Experiment, respectively, these were
independent from each other in their study objective and represented about 20% of all studies

included in this meta-analysis. Specifically, among 351 plant species diversity papers, 19.66 % of them
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come from randomized biodiversity experiments (i.e., 13.39%, 4.56% and 1.71% of 315 papers come
from Jena Experiment, Cedar Creek Experiment and BEF Experiment, respectively).

Further description of predictor variables

As predictor variables, we used five categorical variables and one continuous variable. (1) Trophic
group: A categorical variable that indicates whether the organisms whose responses were studied
were predators (i.e. carnivores of arthropod herbivores), parasitoids (i.e. parasitic wasps and parasitic
flies), herbivores or plants (i.e. crops, trees, grass, native plants, weeds and/or their mixture). Here,
insect pests (e.g., Bemisia tabaci, Myzus persicae) that damage crops were considered as herbivores.
(2) Response category: We classified the response variables into multiple categories nested within
each trophic group. The predator group included the response categories abundance of predators,
diversity of predators, and predation rate. The parasitoid group included abundance and diversity of
parasitoids, and parasitism rate. The herbivore group included abundance and diversity of herbivores,
and herbivory damage. The plant life form included growth, quality and reproduction of the plants.
Diversity measures included species richness and Shannon index values. Arthropods (predators,
parasitoids, herbivores) were sampled with sweep nets, pitfall traps or pan traps around the focal
plants, collected directly on the plant or plant parts (leaves, flower stalks, stems, tillers), and combined
samples from counting directly the visible arthropods on a plant and from counting arthropods that
dropped into trays below the plants after shaking or beating the plants. Herbivore damage was
assessed as percentage or number of plants infested by herbivores, or as loss of plant yield or
biomass due to herbivores. Parasitism rate was assessed as the percentage of herbivores parasitized
by parasitoids. Predation rate was assessed as the percentage of preyed herbivores. Plant growth
was assessed as growth rate, and as plant size characteristics, such as plant width, height, biomass,
leaf area, leaf thickness and number of leaves. Here, we put plant productivity (i.e., plant biomass) into
plant growth. Only three studies related to plant productivity (e.g., shoot biomass (gem-?), aboveground
biomass (gem2)) were included in this paper. Plant reproduction was assessed as the yield of fruits,
grains, pods, vegetative reproductive plant parts and seeds per area, and as reproductive traits
measured on individual plants, such as flower or pod production and grain number per spike. Plant
quality was assessed as the content of oil (e.g. canola), energy, protein, fat, sugar, chlorophyll or
various nutrients (e.g., N, P K). (3) Ecosystem Type: We categorized the ecosystems into

agroecosystems (crop ecosystem, ornamental plant plantation systems and orchards), grasslands and
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forests. (4) Plant life form: A categorical variable indicating whether the focal plants on which
arthropods (predators, parasitoids and herbivores) were sampled, or for which growth, reproduction
and quality were assessed are herbaceous or woody (Liao et al. 2008)2. If there were both herbaceous
and woody species in the control plots, we categorized the plot according to the life form of the plant
species on which the data were collected. (5) Biome type: A categorical variable indicating whether
the study was performed in the tropical or temperate zones. The North Temperate Zone is from the
Tropic of Cancer (23.5° N) to the Arctic Circle (66.5° N), and the South Temperate Zone is from the
Tropic of Capricorn (23.5° S) to the Antarctic Circle (66.5° S). The Tropic Zone are from 0-23.5° N and
from 0-23.5° S. (6) Number of added plant species: A continuous variable indicating the number of
species by which plant species richness was increased over the control group (i.e. the number of
species added by manipulated plant diversity in experimental designs, such as interplanting,
intercropping, cover vegetation) or by non-manipulated plant diversity in observational studies that
compared plant diversity across sites. Among the 351 studies cited in this paper, 5 were observational
studies and 346 experimental studies.

The meta-regression models for model comparison and parameter estimation

We used the R package metafor (version 2.0) for meta-regression analysis. Standardized Mean
Difference (SMD) was used as the effect size measures (argument “measure” set to “SMD” in the
function “escalc()”). We used the unbiased sampling variance estimate to evaluate the sampling
variances of the SMDs (argument “vtype” set to “UB” in the function “escalc()”). To test the significance
of the interaction effects between the trophic group (herbivores, predators, parasitoids and plants) and
the various moderators (i.e. ecosystem types, plant life forms, biome types and the number of added
plant species), the likelihood ratio test compared the null model, following the equation:

v;j = trophic functional group + s; + e; + €5,
with a full model, as follows:
v = trophic functional group + trophic functional group x moderator + s; + e; + €,
Here, Yi is the it effect size from the i study, Si is the random effect term representing the it" study

effect, and ©i is the random effect term for the within-study effect for the it effect size from the it

study. Finally, Sii is the error term with variance equal to the SMD’s sampling variance estimate.

To test for the significance of trophic groups, the null model above was compared with a full model,
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as follows:
vij = trophic functional group + trophic functional group response category + s; + e; + €,

Note that the trophic group response categories are nested within trophic groups. For example, the
three predator response categories (predator abundance, predator diversity, and predation) are nested
within the predator group. Similar nested structures apply to the trophic groups of parasitoids,
herbivores and plants. Thus, by design, the individual trophic group effect was confounded by its
associated response categories’ effects. The effect parameters for the four trophic groups and the
twelve trophic group response categories were therefore not all estimable within the full model. Since
the goal was to assess whether the full model provides a better fit than the null model, predator
abundance, parasitism, herbivore damage, and plant reproduction (selected automatically by the
“metafor” R package) were not estimated in the full model. However, as the full model still retained the
effects for the four trophic groups, the null model remained nested within the full model, ensuring the
applicability of the likelihood-ratio-test (LRT). The effects for the four removed response categories
were estimated later using an alternatively-parametrized model without the four trophic group effects

(see below).

To test the significance of the interaction effects between trophic group response category (predator
abundance, predator diversity, predation, parasitoid abundance, parasitoid diversity, parasitism,
herbivore abundance, herbivore diversity, herbivore damage, and the growth, reproduction and quality
of plants) and the various moderators, the likelihood ratio test compared the null model, following the

equation:
v = trophic functional group response category + s; + e + €,
with a full model, as follows:

¥jj = trophic functional group response category + trophic functional group response category X moderator+ s;
+ ey + €5

To test the effects and confidence intervals for each trophic group, trophic group response category,

and their interactions with the moderators, we used the following models:
v;j = trophic functional group + s; + e; + €5,
vij = trophic functional group X moderator + s; + e; + €,
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¥y = trophic functional group response category + s; + e; + €,
vij = trophic functional group response category X moderator+ s; + ej + €.

Note that compared to the earlier models with interaction terms, the updated models did not contain a
main effect term for trophic group or trophic group response category. This re-parameterization
ensured that the main-effect and interaction terms, necessary to address our research objectives,

were estimable.

Transformation of herbivore effects sizes

The signs of the herbivore effects sizes were switched prior to meta-regression modeling. Afterwards,
the parameter estimates and the associated confidence intervals for herbivore-related terms (i.e.,
herbivore abundance, herbivore diversity, herbivory damage, and the interactions of these terms with

other moderators) were then switched back to the original scale for correct interpretation.

It is important to note that the study level random effect  5i represents an additive effect for the
trophic group and response categories. Under this scenario, the assumption of an additive study effect
would be inappropriate, because the study effect is applied in an additive manner simultaneously to all
trophic groups and response categories. The assumption of an additive study effect would thus only
hold if all of the trophic group effects point in the same direction, but not when the herbivore effect is
expected to be negative, while the other effects are expected to be positive. By changing the sign of
the herbivore effect sizes, the assumption of the additive study effect was more likely to be fulfilled.
Meta-regressions for pair-wise association analysis between trophic groups
To examine the relationships between different trophic levels, the following models were used:

response SMD = intercept+ B- predictor SMD + s; + 5 + €,

response SMD = moderator+ - predictor SMD X moderator+ s; + ej + €,

In these models, i is the error term with variance equal to the response SMD’s sampling variance
estimate. The above models can be used to examine the association between the predictor SMD and
the response SMD. For example, we can use the above model to analyze how changes in predator
and/or parasitoid performance can affect herbivore performance, and how the association can change
for different moderator categories by setting the predictor SMD and the response SMD as the predator

and/or parasitoid performance (abundances of predators and parasitoids, predation and parasitism)
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and herbivore performance (abundance and damage), respectively. In the first model, the slope term

B represents the change in response SMD as the predictor SMD changes. The significance of the
slope term was tested using the LRT, comparing the model to the intercept-only model. In the second
model, the moderator main effect term provides different effect estimates for different categories of the
moderator, while the interaction term provides different slope estimates for the predictor within different

moderator categories.

Meta-analytic path analysis using piecewiseSEM

The R package ‘piecewiseSEM’ was used to conduct the path analysis. Unfortunately, the ‘metafor’
packages cannot be integrated ‘piecewiseSEM’. Therefore, we implemented a meta-analytic path-
analysis in piecewiseSEM using the approach documented on the metafor support website
(http://www.metaforproject.org/doku.php/tips:rma_vs_Im_Ime_Imer). Briefly, a special feature of meta-
regression is that the variances of the error term are assumed to be known. Special treatment is thus
required to ensure that mixed-effect models can account for the known variances in model estimation.
The use of the “Ime()” function in the R package “nime” can reasonably emulate the results of metafor
by setting the arguments “control” to “lmeControl(sigma = 1) and “weights” to “varFixed(~ vi)”, where
“vi” is the estimated sampling variances. As piecewiseSEM supports the function Ime(), we used Ime()
instead of metafor for meta-regression model fitting in the path analyses. Below, we provided the
models used as input for piecewiseSEM:

a) Diversity — predator and/or parasitoid performance — herbivore performance

1. predator and/or parasitoid performance SMD
= intercept+ B- log,(number of added plant species over control) + s; + e; + €,

2. herbivore performance SMD = intercept+ [ - predator and/or parasitoid performance SMD+
B2 - logz(number of added plant species over control) + s, + 5 + &;.
b) Diversity — herbivore performance — plant performance

1. herbivore performance SMD
=intercept+ (- log;(number of added plant species over control) + s; + e; +€;;,

2. plant performance SMD = intercept + [3; - herbivore performance SMD+

B2 - logz(number of added plant species over control) + s; + e; + €.
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c) Diversity — predator and parasitoid performance — herbivore performance — plant performance

1. predator and parasitoid performance SMD
=intercept+ (- log;(number of added plant species over control) + s; + e; +€;;,

2. herbivore performance SMD = intercept+ B, - predator and parasitoid performance SMD+
B2+ log;(number of added plant species over control) +s; + e; + &,

3. plant performance SMD = intercept + [3; - herbivore performance SMD+

B2+ log;(number of added plant species over control) +s; + e; + €.

Meta-regression on several subsets of the data

To explore our data in more detail, we also used meta-regression on several subsets of the data. First,
to test the effect of the number of plant species added by manipulated/non-manipulated plant diversity,
we analyzed each trophic group (predators, parasitoids, herbivores, plants) separately using logz-
transformed number of plant species added as a moderator term. To test the effect of different
ecosystems on each trophic group, we also analyzed each trophic group separately using the type of
ecosystem as a moderator term. In these subset analyses, we used the intercept-only models as
reference models for LRTs.

Additional information on pairwise analysis

The studies that included the match/pairwise values of predator/parasitoid performance vs. herbivore
performance and herbivore performance vs. plant performance in agroecosystems, grasslands or
forests, were used to conduct the pairwise analysis. We explored whether predator/parasitoid
performance was negatively associated with herbivore performance by fitting a meta-regression model
using the SMD of herbivore performance as the response, and the SMD of predator/parasitoid
performance as the moderator variable. As in the above meta-regression models, random effect terms
were introduced to account for between-study, within-study and random sampling effects. We further
explored the association between predator and/or parasitoid performance and herbivore performance
across different ecosystems, plant life forms and biomes. This was achieved by adding an interaction
term between the SMD of predator and/or parasitoid performance and individually ecosystem types,
plant life form types and biome types in the model, and estimating the model parameters for the

interaction terms. Additionally, these were pair-wise correlations between two trophic groups that
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responded similarly to the increased plant species diversity, and therefore, plant diversity was not

integrated into this model.

Additional information on path analysis

To jointly analyze the effect of increased plant species diversity, predator and parasitoid performance,
herbivore performance and plant performance in all ecosystems or in agroecosystems, a full model
(as depicted in the network shown in Figs. 4a and 4b) was fitted. Only 3 studies were found for
grassland and forest systems, respectively. Consequently, the effect of these two ecosystems on the
trophic interactions was not tested. The goodness-of-fit for path analysis models were assessed using
the d-separation test, a test based on the Fisher’s C statistic and its associated p-value. For the
goodness-of-fit test, a p-value larger than our pre-determined significance level of 0.05 is desired, as a
p-value smaller than 0.05 suggests that the fitted model has significant lack-of-fit. All the 39 studies
(136 observations) included in this model derived from experimental studies. In each study, the three
pairwise comparisons (predator and parasitoid performance vs. herbivore performance vs. plant
performance) were tested at the same location. Additionally, we used the study identity as a random

effect in the model. In this way, we reduced the possible effects derived from confounding variables.

Effects of different ecosystems, plant life forms and biomes on responses of four trophic

groups

The differences in response to plant diversity among the four trophic groups significantly depended on
the type of ecosystem (X? =277.477, d.f. = 8, P <0.001; Supplementary Table 2). In line with the overall
effect on terrestrial ecosystems, increased plant species diversity in agroecosystems had positive
effects on predators, parasitoids and plants (predator: ts32 = 11.112, P< 0.001; parasitoid: t123= 6.227,
P < 0.001; plant: tsa0 = 5.588, P< 0.001), and a negative effect on herbivores (t731 = -20.647, P< 0.001).
Increased plant species diversity in grasslands had positive effects on all of the four trophic groups
(predator: fe3 = 6.597, P < 0.001; parasitoid: fs= 5.003, P < 0.001; herbivore: t13= 4.019, P < 0.001;
plant: fze0= 14.642, P < 0.001). In forests, the responses of parasitoids and plants to increased plant
diversity were both significantly positive while the responses of predators and herbivores were
negative but not significant (predator: t111 = -0.147, P=0.883; parasitoid: ts= 2.823, P=0.005; herbivore:
t13s= -0.969, P =0.333; plant: ti0s= 4.627, P < 0.001). Overall, the effects of the different ecosystem
types significantly depended on the trophic group response categories (X? =290.335, d.f. = 23, P<
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0.001; Supplementary Table 2 and Extended Data Fig. 1), and the results for these different subsets
are shown in Extended Data Fig. 1 and Supplementary Table 5.

The differences among the four trophic groups in their response to increased plant species diversity
depended on the life form of the focal plants (X? = 33.219, d.f. =4, P < 0.001; Supplementary Table 2).
For herbaceous plants, plant diversity had positive effects on predators and parasitoids (predator: ti2s
= 10.689, P < 0.001; parasitoid: t124 = 6.596, P < 0.001), negative effects on herbivores (t731 = -15.054,
P < 0.001), and positive effect on plants (tss1 =13.659, P < 0.001). When the focal plants were in
woody-dominated ecosystems, plant diversity had positive effects on predators (fs1 = 3.928, P<
0.001), parasitoids (f3s = 5.483, P < 0.001) and plants (t1ss = 4.882, P < 0.001) but negative effects on
herbivores (f.71 = -4.328, P < 0.001) (Fig. 2c; Supplementary Table 6). Overall, the effects of plant life
form significantly depend on the trophic group response category (X? = 61.355, d.f. = 12, P< 0.001;
Supplementary Table 2), and the results for these different subset are shown in Extended Data Fig. 2
and Supplementary Table 6.

The differences in response to plant diversity among the four trophic groups significantly depended
on the biome type (X? = 90.556, d.f. =4, P <0.001; Supplementary Table 2). In tropical biomes, the
responses of the three trophic groups to plant diversity were significant (predator: tos = 2.451, P=0.014;
parasitoid: f33 = 2.180, P =0.029; herbivore: tg7 = -12.975, P< 0.001; plant: t74 = 1.578, P=0.115). In
temperate biomes, all trophic responses were significant (predator: ts12= 10.042, P< 0.001; parasitoid:
t120 = 8.203, P < 0.001; herbivore: t715 = -9.816, P< 0.001; plant: {765 = 16.191, P< 0.001) (Fig 2d;
Supplementary Table 7). Overall, the effect of biome type depended significantly on the trophic group
response categories (X? = 109.101, d.f. = 12, P < 0.001; Supplementary Table 2), and the results for
these different subsets are shown in Supplementary Table 7 and Extended Data Fig. 3.

Publication bias assessment

The regression test on the raw effect sizes suggested a non-significant publication bias from 2914
observations in 351 cited studies in this meta-analysis paper (regression test value = 0.489, P =0.625).
Nagakawa and Santos (2012) argued that since meta-regressions are performed to adjust for various
sources of heterogeneity, it is more appropriate to perform publication bias assessment separately for
each model using the regression model residuals (as opposed to the raw effect sizes). The regression
tests on model residuals also suggested that all models had no significant publication bias

(Supplementary Table 3). Even so, to better assess the robustness of our results given the publication
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bias, we did sensitivity analyses using the trim-and-fill method on the residuals for the dataset. The
trim-and-fill analysis suggested that there was one non-significant number of missing studies due to
publication bias from 2914 observations in 351 cited studies (P = 0.3042). Additionally, the fail-safe
number for the full dataset of 351 cited articles was 101836, much larger than the ad-hoc threshold
14580 (14580=5n + 10, where n is the number of observations in the analyses (n = 2914 in our meta-
analysis)). In other words, one would have to add 101836 missing studies with an average effect size
of zero to make the combined effect size statistically insignificant. Meanwhile, the trim-and-fill analysis
indicated that there was a significant sensitivity bias (P = 0.0013) in the 136 observations of 39 studies
used in the path analysis. The major reason is probably the insufficient sample size. Thus, more
studies are needed to better explore the tri-trophic interactions of predators, herbivores and plants.
1. Smith, J. G. Some effects of crop background on populations of aphids and their natural enemies on Brussels sprouts.

Ann. Appl. Biol. 63, 326—330 (1969).

2. Liao, C. et al. Altered ecosystem carbon and nitrogen cycles by plant invasion: A meta-analysis. New Phytol. 177,
706—714 (2008).

3. Nakagawa, S., Santos, E.S. Methodological issues and advances in biological meta analysis. Evol Ecol. 26, 1253—1274

(2012).

36



Supplementary references

10.

11.

12.

13.

Abdala-Roberts, L., Gonzalez-Moreno, A., Mooney, K.A., Moreira, X., Gonzalez-Hernandez, A., Parra-Tabla,
V. (2016). Effects of tree species diversity and genotypic diversity on leafminers and parasitoids in a tropical
forest plantation. Agricultural & Forest Entomology, 18: 43-51.

Abdala-Roberts, L., Mooney, K.A., Quijano-Medina, T., Campos-Navarrete, M.J., Gonzalez-Moreno, A,
Parra-Tabla, V. (2015). Comparison of tree genotypic diversity and species diversity effects on different
guilds of insect herbivores. Oikos, 124: 1527-1535.

Abou-Elela, A.A.M., EI-Razek, U.A.A., Khalil, H.E. (2012). Yield and its components of maize/soybean
intercropping systems as affected by planting time and distribution. Australian Journal of Basic & Applied
Sciences, 6: 238-245.

Adati, T., Susila, W., Sumiartha, K., Sudiarta, P., Toriumi, W., Kawazu, K., Koji, S. (2011). Effects of mixed
cropping on population densities and parasitism rates of the diamondback moth, Plutella xylostella
(Lepidoptera: Plutellidae). Applied Entomology and Zoology, 46: 247-253.

Adhikari, A., Reddy, G.V. (2017). Evaluation of trap crops for the management of wireworms in spring wheat
in Montana. Arthropod-Plant Interactions, 11: 755-766.

Agegnehu, G., Ghizaw, A., Sinebo, W. (2008). Yield potential and land-use efficiency of wheat and faba bean
mixed intercropping. Agronomy for Sustainable Development, 28: 257-263.

Alalouni, U., Brandl, R., Auge, H., Schadler, M. (2014). Does insect herbivory on oak depend on the diversity
of tree stands? Basic and Applied Ecology, 15: 685-692.

Alghali, A.M. (1993). Intercropping as a component in insect pest management for grain cowpea, Vigna
unguiculata walp production in Nigeria. International Journal of Tropical Insect Science, 14: 49-54.

Allan, E., Weisser, W., Weigelt, A., Roscher, C., Hillebrand, F.H. (2011). More diverse plant communities
have higher functioning over time due to turnover in complementary dominant species. Proceedings of the
National Academy of Sciences of the United States of America, 108: 17034-17039.

Altieri, M.A., Gliessman, S.R. (1983). Effects of plant diversity on the density and herbivory of the flea beetle,
Phyllotreta cruciferae Goeze, in California collard (Brassica oleracea) cropping systems. Crop Protection, 2:
497-501.

Altieri, M.A., Schmidt, L.L. (1986). Cover crops affect insect and spider populations in apple orchards.
California Agriculture, 40: 15-17.

Amini, R., Shamayeli, M., Nasab, A.D.M. (2013). Assessment of yield and yield components of corn (Zea
mays L.) under two and three strip intercropping systems. International Journal of Biosciences, 3: 65-69.
Amoako A.B., Kidega, E.K. (1983). Influence of maize, cowpea and sorghum intercropping systems on stem-

pod-borer intercropping systsems on stem-pod-borer infestations. International Journal of Tropical Insect

37



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Science, 4: 47-57.

Amoako-Atta, B., Omolo, E.O. (1983). Yield losses caused by the stem-/pod-borer complex within maize-
cowpea-sorghum intercropping systems in Kenya. International Journal of Tropical Insect Science, 4: 39-46.
Andow, D.A. (1990). Population dynamics of an insect herbivore in simple and diverse habitats. Ecology, 71:
1006-1017.

Andow, D.A., Nicholson, A.G., Wien, H.C., Willson, H.R. (1986). Insect populations on cabbage grown with
living mulches. Environmental Entomology, 15: 293-299.

Andow, D.A., Risch, S.J. (1985). Predation in diversified agroecosystems: relations between a coccinellid
predator Coleomegilla maculata and its food. Journal of Applied Ecology, 22: 357-372.

Andow, D.A., Risch, S.J. (1987). Parasitism in diversified agroecosystems: phenology of Trichogramma
minutum, [Hymenoptera: Trichogrammatidae]. Entomophaga, 32: 255-260.

Anja, V., Michael, S.L., Alexandra, W., Jon, M. (2012). Grassland resistance and resilience after drought
depends on management intensity and species richness. PLoS ONE, 7: €36992.

Armstrong, G., Mckinlay, R.G. (1997). Vegetation management in organic cabbages and pitfall catches of
carabid beetles. Agriculture Ecosystems & Environment, 64: 267-276.

Bach, C.E. (1980a). Effects of plant density and diversity on the population dynamics of a specialist
herbivore, the striped cucumber beetle, Acalymma vittata (Fab). Ecology, 61: 1515-1530.

Bach, C.E. (1980b). Effects of plant diversity and time of colonization on an herbivore-plant interaction.
Oecologia, 44: 319-326.

Bach, C.E. (1981). Host plant growth form and diversity: effects on abundance and feeding preference of a
specialist herbivore, Acalymma vittata (Coleoptera: Chrysomelidae). Oecologia, 50: 370-375.

Bach, C.E., Tabashnik, B.E. (1990). Effects of nonhost plant neighbors on population densities and
parasitism rates of the diamondback moth (Lepidoptera: Plutellidae). Environmental Entomology, 19: 987-
994.

Bachmann, D., Roscher, C., Buchmann, N. (2017). How do leaf trait values change spatially and temporally
with light availability in a grassland diversity experiment? Oikos, 127: 935-948.

Badenes-Pérez, F.R., Marquez, B.P., Petitpierre, E. (2017). Can flowering Barbarea, spp. (brassicaceae) be
used simultaneously as a trap crop and in conservation biological control? Journal of Pest Science, 90: 623-
633.

Balmer, O., Géneau, C.E., Belz, E., Weishaupt, B., Forderer, G., Moos, S., Ditner, N., Juric, I., Luka, H.
(2014). Wildflower companion plants increase pest parasitation and yield in cabbage fields: experimental
demonstration and call for caution. Biological Control, 76: 19-27.

Balzan, M.V., Bocci, G., Moonen, A.C. (2014). Augmenting flower ftrait diversity in wildflower strips to

optimise the conservation of arthropod functional groups for multiple agroecosystem services. Journal of

38



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Insect Conservation, 18: 713-728.

Banks, J.E. (2000). Effects of weedy field margins on Myzus persicae (Hemiptera: Aphididae) in a broccoli
agroecosystem. The Pan-Pacific Entomologist, 75: 95-101.

Bennett, A.B., Gratton, C. (2013). Floral diversity increases beneficial arthropod richness and decreases
variability in arthropod community composition. Ecological Applications, 23: 86-95.

Berndt, L.A., Wratten, S.D., Hassan, P.G. (2015). Effects of buckwheat flowers on leafroller (Lepidoptera:
Tortricidae) parasitoids in a new Zealand vineyard. Agricultural & Forest Entomology, 4: 39-45.

Bessler, H., Temperton, V.M., Roscher, C., Buchmann, N., Schmid, B., Schulze, E.D., Schulze, E.D., Weisser,
W.W., Engels, C.C. (2009). Aboveground overyielding in grassland mixtures is associated with reduced
biomass partitioning to belowground organs. Ecology, 90: 1520-1530.

Bickerton, M.W., Hamilton, G.C. (2012). Effects of intercropping with flowering plants on predation of Ostrinia
nubilalis (Lepidoptera: Crambidae) eggs by generalist predators in bell peppers. Environmental Entomology,
41: 612-620.

Bjorkman, M, Hamback, P.A., Hopkins, R.J., Ramert, B. (2010). Evaluating the enemies hypothesis in a
clover-cabbage intercrop: effects of generalist and specialist natural enemies on the turnip root fly (Delia
floralis). Agricultural & Forest Entomology, 12: 123-132.

Bjorkman, M., Hamback, P.A., Ramert, B. (2007). Neighbouring monocultures enhance the effect of
intercropping on the turnip root fly (Delia floralis). Entomologia Experimentalis et Applicata, 124: 319-326.
Blaauw, B.R., Morrison, W.R., Mathews, C., Leskey, T.C., Nielsen, A.L. (2017). Measuring host plant
selection and retention of Halyomorpha halys by a trap crop. Entomologia Experimentalis et Applicata, 163:
197-208.

Blubaugh, C.K., Hagler, J.R., Machtley, S.A., Kaplan, |. (2016). Cover crops increase foraging activity of
omnivorous predators in seed patches and facilitate weed biological control. Agriculture Ecosystems &
Environment, 231: 264-270.

Booij, C.J.H., Noorlander, J., Theunissen, J. (1997). Intercropping cabbage with clover: effects on ground
beetles. Biological Agriculture & Horticulture, 15: 261-268.

Bottenberg, H., Tamo, M., Singh, B.B. (1998). Occurrence of phytophagous insects on wild Vigna sp. and
cultivated cowpea: comparing the relative importance of host-plant resistance and millet intercropping.
Agriculture Ecosystems & Environment, 70: 217-229.

Brennan, E.B. (2013). Agronomic aspects of strip intercropping lettuce with alyssum for biological control of
aphids. Biological Control, 65: 302-311.

Brennan, E.B. (2016). Agronomy of strip intercropping broccoli with alyssum for biological control of aphids.
Biological Control, 97: 109-119.

Brezzi, M., Schmid, B., Niklaus, P.A., Schuldt, A. (2017). Tree diversity increases levels of herbivore damage

39



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

in a subtropical forest canopy evidence for dietary mixing by arthropods. Journal of Plant Ecology, 10: 13-27.
Broad, S.T., Schellhorn, N.A., Lisson, S.N., Mendham, N.J., Corkrey, R. (2008). Host location and parasitism
of Brevicoryne brassicae, in diversified broccoli cropping systems. Entomologia Experimentalis et Applicata,
129: 166-171.

Brown, M.W. (2012). Role of biodiversity in integrated fruit production in eastern North American orchards.
Agricultural & Forest Entomology, 14: 89-99.

Brown, M.W., Mathews, C.R. (2007). Conservation biological control of rosy apple aphid, Dysaphis
plantaginea (Passerini), in eastern North America. Environmental Entomology, 36: 1131-9.

Brown, M.W., Mathews, C.R. (2008). Conservation biological control of spirea aphid, Aphis spiraecola
(Hemiptera: Aphididae) on apple by providing natural alternative food resources. European Journal of
Entomology, 105: 537-540.

Brown, M.W., Mathews, C.R., Krawczyk, G. (2010). Extrafloral nectar in an apple ecosystem to enhance
biological control. Journal of Economic Entomology, 103: 1657-1664.

Brown, M.W., Schmitt, J.J. (2001). Seasonal and diurnal dynamics of beneficial insect populations in apple
orchards under different management intensity. Environmental Entomology, 30: 415-424.

Brown, M.W., Schmitt, J.J., Abraham, B.J. (2003). Seasonal and diurnal dynamics of spiders (Araneae) in
West Virginia orchards and the effect of orchard management on spider communities. Environmental
Entomology, 32: 830-839.

Buchanan, A.L., Hooks, C.R.R. (2018). Influence of winter cover crop mulch on arthropods in a reduced
tillage cucurbit system. Environmental Entomology, 47: 292-299.

Bugg, R., Dutcher, J. (1993). Sesbania exaltata (rafinesque-schmaltz) cory (Fabaceae) as a warm-season
cover crop in pecan orchards: effects on aphidophagous coccinellidae and pecan aphids. Biological
Agriculture & Horticulture, 9: 215-229.

Bugg, R.L., Wackers, F.L., Brunson, K.E., Dutcher, J.D., Phatak, S.C. (1991). Cool-season cover crops relay
intercropped with cantaloupe: influence on a generalist predator, Geocoris punctipes (Hemiptera: Lygaeidae).
Journal of Economic Entomology, 84: 408-416.

Cai, H.J., Li, Z.S., You, M.S. (2007). Impact of habitat diversification on arthropod communities: a study in
the fields of Chinese cabbage, Brassica chinensis. Insect Science, 14: 241-249.

Campos-Navarrete, M.J., Abdala-Roberts, L., Munguia-Rosas M.A., Parra-Tabla V. (2015a). Are tree species
diversity and genotypic diversity effects on insect herbivores mediated by ants? PLoS ONE, 10: e0132671.
Campos-Navarrete, M.J., Munguia-Rosas, M.A., Abdala-Roberts, L., Quinto, J., Parra-Tabla, V. (2015b).
Effects of tree genotypic diversity and species diversity on the arthropod community associated with big-leaf
mahogany. Biotropica, 47: 579-587.

Carcamo, H.A., Spence, J.R. (1994). Crop type effects on the activity and distribution of ground beetles
40



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

(Coleoptera: Carabidae). Environmental Entomology, 23: 684-692.

Carmona, D.M., Landis, D.A. (1999). Influence of refuge habitats and cover crops on seasonal activity-
density of ground beetles (Coleoptera: Carabidae) in field crops. Environmental Entomology, 28: 1145-1153.
Carr, P.M., Gardner, J.J., Schatz, B.G., Zwinger, S.W., Guldan, S.J. (1995). Grain yield and weed biomass of
a wheat-lentil intercrop. Agronomy Journal, 87: 574-579.

Castagneyrol, B., Bonal, D., Damien, M., Jactel, H., Meredieu, C., Muiruri, E.W., Barbaro, L. (2017). Bottom-
up and top-down effects of tree species diversity on leaf insect herbivory. Ecology and Evolution, 7: 3520-
3531.

Castagneyrol, B., Giffard, B., Valdés-Correcher, E., Hampe, A. (2019). Tree diversity effects on leaf insect
damage on pedunculate oak: The role of landscape context and forest stratum. Forest Ecology and
Management, 433: 287-294.

Castagneyrol, B., Régolini, M., Jactel, H. (2014). Tree species composition rather than diversity triggers
associational resistance to the pine processionary moth. Basic and Applied Ecology, 15: 516-523.

Castle, S.J. (2006). Concentration and management of Bemisia tabaci, in cantaloupe as a trap crop for
cotton. Crop Protection, 25: 574-584.

Chen, L.L., You, M.S., Chen, S.B. (2011). Effects of cover crops on spider communities in tea plantations.
Biodiversity Science, 59: 326-335.

Chen, P.R., Zhang, Z.Q., Wang, K., Wang, X.Y., Xu, W.L., Gao, Z.L. (1994). Allothrombium pulvinum Ewing
(Acari, Trombidiidae), an important early-season natural enemy of Aphis gossypii Glover (Hom., Aphididae)
in cotton. Journal of Applied Entomology, 117: 113-121.

Clark, E.A., Francis, C.A. (1985a). Bean-maize intercrops: a comparison of bush and climbing bean growth
habits. Field Crops Research, 10: 151-166.

Clark, E.A., Francis, C.A. (1985b). Transgressive yielding in bean: maize intercrops, interference in time and
space. Field Crops Research, 11: 37-53.

Coll, M., Bottrell, D.G. (1994). Effects of nonhost plant on an insect herbivore in diverse habitats. Ecology, 75:
723-731.

Costello, M. (1994). Broccoli growth, yield and level of aphid infestation in leguminous living muilches.
Biological Agriculture & Horticulture, 10: 207-222.

Costello, M.J., Altieri, M.A. (1995). Abundance, growth rate and parasitism of Brevicoryne brassicae and
Myzus persicae (Homoptera: Aphididae) on broccoli grown in living mulches. Agriculture Ecosystems &
Environment, 52: 187-196.

Costello, M.J., Daane, K.M. (1998). Influence of ground cover on spider populations in a table grape
vineyard. Ecological Entomology, 23: 33-40.

Cowles, J.M., Wragg, P.D., Wright, AJ., Powers, J.S., Tilman, D. (2016). Shifting grassland plant community
41



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

structure drives positive interactive effects of warming and diversity on aboveground net primary productivity.
Global Change Biology, 22: 741-749.

Daller, A., Roscher, C., Temperton, V.M., Schumacher, J., & Schulze, E.D. (2008). Adaptive survival
mechanisms and growth limitations of small-stature herb species across a plant diversity gradient. Plant
Biology, 10: 573-587.

Dassou, A.G., Carval, D., Dépigny, S., Fansi, G., Tixier, P. (2015). Ant abundance and Cosmopolites
sordidus, damage in plantain fields as affected by intercropping. Biological Control, 81: 51-57.

Degooyer, T.A., Pedigo, L.P.,, Rice, M.E. (1999). Effect of alfalfa—grass intercrops on insect populations.
Environmental Entomology, 28: 703-710.

Dehaan, L.R., Weisberg, S., Tilman, D., Fornara, D. (2010). Agricultural and biofuel implications of a species
diversity experiment with native perennial grassland plants. Agriculture Ecosystems & Environment, 137: 33-
38.

Deloach, C.J., Peters, J.C. (1972). Effect of strip-planting vs. solid-planting on predators of cotton insects in
southeastern Missouri, 1969. Environmental Entomology, 1: 94-102.

Dempster, J.P. (1969). Some effects of weed control on the numbers of the small cabbage white (Pieris
rapae L.) on brussels sprouts. Journal of Applied Ecology, 6: 339-345.

Depalo, L., Burgio, G., von Fragstein, P., Kristensen, H.L., Bavec, M., Robacer, M., Campanelli, G., Canali, S.
(2017). Impact of living mulch on arthropod fauna: analysis of pest and beneficial dynamics on organic
cauliflower (Brassica oleracea L. var. botrytis) in different European scenarios. Renewable Agriculture &
Food Systems, 32: 240-247.

Ditner, N., Balmer, O., Beck, J., Blick, T., Nagel, P., Luka, H. (2013). Effects of experimentally planting non-
crop flowers into cabbage fields on the abundance and diversity of predators. Biodiversity & Conservation,
22: 1049-1061.

Dybzinski, R., Fargione, J.E., Zak, D.R., Tilman, F.D. (2008). Soil fertility increases with plant species
diversity in a long-term biodiversity experiment. Oecologia, 158: 85-93.

Easterbrook, M.A., Tooley, J.A. (2010). Assessment of trap plants to regulate numbers of the European
tarnished plant bug, Lygus rugulipennis, on late-season strawberries. Entomologia Experimentalis et
Applicata, 92: 119-125.

Ebeling, A., Allan, E., Heimann, J., Kéhler, G., Scherer-Lorenzen, M., Vogel, A., Weigelt, A., Weisser, W.W.
(2013). The impact of plant diversity and fertilization on fitness of a generalist grasshopper. Basic and
Applied Ecology, 14: 246-254.

Ebeling, A., Hines, J., Hertzog, L., Lange, M., Meyer, S.T., Simons, N.K., Weisser, W.W. (2017). Plant
diversity effects on arthropods and arthropod-dependent ecosystem functions in a biodiversity experiment.

Basic and Applied Ecology, 10.1016/j.baae.2017.09.014.
42



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Ebeling, A., Klein, A.M., Weisser, W.W., Tscharntke, T. (2012). Multitrophic effects of experimental changes
in plant diversity on cavity-nesting bees, wasps, and their parasitoids. Oecologia, 169: 453-465.

Ebeling, A., Meyer, S.T., Abbas, M., Eisenhauer, N., Hillebrand, H., Lange, M., Scherber, C., Vogel, A.,
Weigelt, A., Weisser, W.W. (2014). Plant diversity impacts decomposition and herbivory via changes in
aboveground arthropods. PLoS ONE, 9: e106529.

Eisenhauer, N., Ackermann, M., Gass, S., Klier, M., Migunova, V., Nitschke, N., Ruess, L., Sabais, A.C.W.,
Weisser, W.W., Scheu, S. (2010a). Nematicide impacts on nematodes and feedbacks on plant productivity in
a plant diversity gradient. Acta Oecologica, 36: 477-483.

Eisenhauer, N., Lanoue, A., Strecker, T., Scheu, S., Steinauer, K., Thakur, M.P., Mommer, L. (2017). Root
biomass and exudates link plant diversity with soil bacterial and fungal biomass. Scientific Reports, 7, 44641.
Eisenhauer, N., Milcu, A., Nitschke, N., Sabais, A.C.W., Scheu, S.S. (2009a). Earthworm and belowground
competition effects on plant productivity in a plant diversity gradient. Oecologia, 161: 291-301.

Eisenhauer, N., Milcu, A., Sabais, A.C.W., Bessler, H., Brenner, J., Engels, C., Klarner, B., Maraun, M.,
Partsch, S., Roscher, C., Schonert, F., Temperton, V.M., Thomisch, K., Weigelt, A., Weisser, W.W., Scheu, S.
(2011). Plant diversity surpasses plant functional groups and plant productivity as driver of soil biota in the
long term. PLoS ONE, 6: e16055.

Eisenhauer, N., Milcu, A., Sabais, A.C.W., Scheu, S. (2009b). Earthworms enhance plant regrowth in a
grassland plant diversity gradient. European Journal of Soil Biology, 45: 455-458.

Eisenhauer, N., Sabais, A.C.W., Schonert, F., Scheu, S. (2010b). Soil arthropods beneficially rather than
detrimentally impact plant performance in experimental grassland systems of different diversity. Soil Biology
& Biochemistry, 42: 1418-1424.

Ekesi, S., Maniania, N.K., Ampongnyarko, K., Onu, I. (1999). Effect of intercropping cowpea with maize on
the performance of Metarhizium anisopliae against megalurothrips sjostedti (Thysanoptera: Thripidae) and
predators. Environmental Entomology, 28: 1154-1161.

Englishloeb, G., Rhainds, M., Martinson, T., Ugine, T. (2015). Influence of flowering cover crops on Anagrus
parasitoids (Hymenoptera: Mymaridae) and Erythroneura leafhoppers (Homoptera: Cicadellidae) in New
York vineyards. Agricultural & Forest Entomology, 5: 173-181.

Esquivel-Gémez, L., Abdala-Roberts, L., Pinkus-Rendén, M., Parra-Tabla, V. (2017). Effects of tree species
diversity on a community of weaver spiders in a tropical forest plantation. Biotropica, 49: 63-70.

Fernandes, F.S., Ramalho, F.S., Godoy, W.A.C., Pachu, J.K.S., Nascimento, R.B., Malaquias, J.B., Zanuncio,
J.C. (2013). Within plant distribution and dynamics of Hyadaphis foeniculi (Hemiptera: Aphididae) in field
fennel intercropped with naturally colored cotton. Florida Entomologist, 96: 92-103.

Fernandes, F.S., Ramalho, F.S., Nascimento, A.R.B., Malaquias, J.B., Silva, C.A.D.D., Zanuncio, J.C. (2012).

Within-plant distribution of cotton aphid (Hemiptera: Aphididae), in cotton with colored fibers and cotton-

43



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

fennel intercropping system. Annals of the Entomological Society of America, 105: 599-607.

Fischer, C., Tischer, J., Roscher, C., Eisenhauer, N., Ravenek, J., Gleixner, G., Attinger, S., Jensen, B., de
Kroon, H., Mommer, L., Scheu, S., Hildebrandt, A. (2015). Plant species diversity affects infiltration capacity
in an experimental grassland through changes in soil properties. Plant and Soil, 397: 1-16.

Flombaum, P., Sala, O.E. (2008). Higher effect of plant species diversity on productivity in natural than
artificial ecosystems. Proceedings of the National Academy of Sciences, 105: 6087-6090.

Forehand, L.M., Orr, D.B., Linker, H.M. (2006). Evaluation of a commercially available beneficial insect
habitat for management of Lepidoptera pests. Journal of Economic Entomology, 99: 641-647.

Fornara, D.A., Tilman, D. (2009). Ecological mechanisms associated with the positive diversity—productivity
relationship in an n-limited grassland. Ecology, 90: 408-418.

Gao, F., Ge, F., Liu, X., Song, Y. (2008). Impact of insecticides on the structure and productivity of insect pest
and natural enemy communities associated with intercropping in cotton agroecosystems. International
Journal of Pest Management, 54: 103-114.

Garcia, M.A., Altieri, M.A. (1992). Explaining differences in flea beetle Phyllotreta cruciferae Goeze densities
in simple and mixed broccoli cropping systems as a function of individual behavior. Entomologia
Experimentalis et Applicata, 62: 201-209.

Gethi, M., Khaemba, B.M. (1991). Damage by pod-sucking bugs on cowpea when intercropped with maize.
Pans Pest Articles & News Summaries, 37: 236-239.

Gold, C.S., Altieri, M.A., Bellotti, A.C. (1989). Effects of intercrop competition and differential herbivore
numbers on cassava growth and yields. Agriculture Ecosystems & Environment, 26: 131-146.

Gordon, T.L., Haseeb, M., Kanga, L.H.B., Legaspi, J.C. (2017). Potential of three trap crops in managing
Nezara viridula (Hemiptera: Pentatomidae) on tomatoes in Florida. Journal of Economic Entomology, 110:
2478-2482.

Grez, A.A. (1997). Effect of habitat subdivision on the population dynamics of herbivorous and predatory
insects in central Chile. Revista Chilena De Historia Natural, 70: 481-490.

Grossman, J.J., Cavender-Bares, J. (2019). Consequences of biodiversity shift across phylogenetic scales
for aspen and willow growth, survival, and herbivory. Journal of Vegetation Science, doi: 10.1111/jvs.12716.
Grossman, J.J., Cavender-Bares, J., Hobbie, S.E., Reich, P.B., Montgomery, R.A. (2017). Species richness

and traits predict overyielding in stem growth in an early - successional tree diversity experiment. Ecology,

98: 2601-2614.

Gubsch, M., Buchmann, N., Schmid, B., Schulze, E.D., Lipowsky, A., Roscher, C. (2011). Differential effects
of plant diversity on functional trait variation of grass species. Annals of Botany, 107: 157-169.

Guyot, V., Castagneyrol, B., Vialatte, A., Deconchat, M., Jactel, H. (2016). Tree diversity reduces pest

damage in mature forests across Europe. Biology Letters, 12: 20151037.
44



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Haddad, N.M., Crutsinger, G.M., Gross, K., Haarstad, J., Knops, J.M., Tilman, D. (2010). Plant species loss
decreases arthropod diversity and shifts trophic structure. Ecology Letters, 12:1029-1039.

Haddad, N.M., Crutsinger, G.M., Gross, K., Haarstad, J., Tilman, D. (2011). Plant diversity and the stability of
foodwebs. Ecology Letters, 14: 42-46.

Hagler, J.R., Nieto, D.J., Machtley, S.A., Spurgeon, D.W., Hogg, B.N., Swezey, S.L. (2018). Dynamics of
predation on Lygus hesperus (Hemiptera: Miridae) in alfalfa trap-cropped organic strawberry. Journal of
Insect Science, 18: 1-12.

Hahn, C.Z., Niklaus, P.A., Bruelheide, H., Michalski, S.G., Shi, M., Yang, X, Zeng, X., Fischer, M., Durka, W.
(2017). Opposing intraspecific vs. interspecific diversity effects on herbivory and growth in subtropical
experimental tree assemblages. Journal of Plant Ecology, 10: 242-251.

Hanna, R.H., Zalom, F.G., Roltsch, W.J. (2003). Relative impact of spider predation and cover crop on
population dynamics of Erythroneura variabilis, in a raisin grape vineyard. Entomologia Experimentalis et
Applicata, 107: 177-191.

Hanspetersen, H.N., Mcsorley, R., Liburd, O.E. (2010). The impact of intercropping squash with non-crop
vegetation borders on the above-ground arthropod community. Florida Entomologist, 93: 590-608.

Harvey, C.T., Eubanks, M.D. (2005). Intraguild predation of parasitoids by Solenopsis invicta: a non-
disruptive interaction. Entomologia Experimentalis et Applicata, 114: 127-135.

Hector, A., Bell, T., Hautier, Y., Isbell, F., Kéry, M., Reich, P.B., van Ruijven, J., Schmid, B. (2011). BUGS in
the analysis of biodiversity experiments: species richness and composition are of similar importance for
grassland productivity. PLoS ONE 6: e17434.

Helenius, J. (1989). The influence of mixed intercropping of oats with field beans on the abundance and
spatial distribution of cereal aphids (Homoptera, Aphididae). Agriculture Ecosystems & Environment, 25: 53-
73.

Hertzog, L.R., Ebeling, A., Weisser, W.W., Meyer, S.T. (2017). Plant diversity increases predation by ground-
dwelling invertebrate predators. Ecosphere, 8: €01990.

Hertzog, L.R., Meyer, S.T., Weisser, W.W., Ebeling, A. (2016). Experimental manipulation of grassland plant
diversity induces complex shifts in aboveground arthropod diversity. PLoS ONE, 11: e0148768.

Hickman, J.M., Wratten, S.D. (1996). Use of Phelia tanacetifolia strips to enhance biological control of
aphids by overfly larvae in cereal fields. Journal of Economic Entomology, 89: 832-840.

Hilje, L., Stansly, P.A. (2008). Living ground covers for management of Bemisia tabaci, (Gennadius)
(Homoptera: Aleyrodidae) and tomato yellow mottle virus (ToYMoV) in Costa Rica. Crop Protection, 27: 10-
16.

Hinds, J., Hooks, C.R.R. (2013). Population dynamics of arthropods in a sunn-hemp zucchini interplanting

system. Crop Protection, 53: 6-12.
45



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Hogg, B.N., Nelson, E.H., Mills, N.J., Daane, K.M. (2011). Floral resources enhance aphid suppression by a
hoverfly. Entomologia Experimentalis et Applicata, 141: 138-144.

Hooks, C.R.R., Hinds, J., Zobel, E., Patton, T. (2013). Impact of crimson clover dying mulch on two eggplant
insect herbivores. Journal of Applied Entomology, 137: 170-180.

Hooks, C.R.R., Johnson, M.W. (2002). Lepidopteran pest populations and crop yields in row intercropped
broccoli. Agricultural & Forest Entomology, 4: 117-125.

Hooks, C.R.R., Johnson, M.W. (2004). Using undersown clovers as living mulches: effects on yields,
lepidopterous pest infestations, and spider densities in a Hawaiian broccoli agroecosystem. International
Journal of Pest Management, 50: 115-120.

Hooks, C.R.R., Johnson, M.W. (2015). Broccoli growth parameters and level of head infestations in simple
and mixed plantings: impact of increased flora diversification. Annals of Applied Biology, 138: 269-280.
Hooks, C.R.R., Valenzuela, H.R., Defrank, J. (1998). Incidence of pests and arthropod natural enemies in
zucchini grown with living mulches. Agriculture Ecosystems & Environment, 69: 217-231.

Horgan, F.G., Ramal, A.F., Villegas, J.M., Jamoralin, A., Bernal, C.C., Perez, M.O., Pasang, J.M., Naredo, A.l.
Almazan, M.L.P. (2017). Effects of bund crops and insecticide treatments on arthropod diversity and
herbivore regulation in tropical rice fields. Journal of Applied Entomology, 141: 587-599.

Horn, D.J. (1981). Effect of weedy backgrounds on colonization of collards by green peach aphid, Myzus
persicae, and its major predators. Environmental Entomology, 10: 285-289.

Horn, D.J. (1987). Vegetational background and parasitism of larval diamond-back moth on collards.
Entomologia Experimentalis et Applicata, 43: 300-303.

Horton, D.R., Capinera, J.L. (1987). Effects of plant diversity, host density, and host size on population
ecology of the Colorado potato beetle (Coleoptera: Chrysomelidae). Environmental Entomology, 16: 1019-
1026.

Hossain, Z., Gurr, G.M., Wratten, S.D. (2001). Habitat manipulation in lucerne (Medicago sativa L.): strip
harvesting to enhance biological control of insect pests. Pans Pest Articles & News Summaries, 47: 81-88.
Huang, Y., Chen, Y., Castro-lzaguirre, N., Baruffol, M., Brezzi, M., Lang, A., Li, Y., Hardtle, W., von Oheimb,
G., Yang, X, Liu, X., Pei, K., Both, S., Yang, B., Eichenberg, D., Assmann, T., Bauhus, J., Behrens, T,
Buscot, F., Chen, X., Chester, D., Ding, B., Durka, W., Erfmeier, A., Fang, J., Fischer, M., Guo, L., Guo, D.,
Gutknecht, J.L.M., He, J., He, C., Hector, A., Honig, L., Hu, R., Klein, A., Kiihn, P., Liang, Y., Li, S., Michalski,
S., Scherer-Lorenzen, M., Schmidt, K., Scholten, T., Schuldt, A., Shi, X., Tan, M., Tang, Z., Trogisch, S.,
Wang, Z., Welk, E., Wirth, C., Wubet, T., Xiang, W., Yu, M., Yu, X., Zhang, J., Zhang, S., Zhang, N., Zhou, H.,
Zhu, C., Zhu, L., Bruelheide, H., Ma, K., Niklaus, P.A., Schmid, B. (2018). Impacts of species richness on
productivity in a large-scale subtropical forest experiment. Science, 362: 80-83.

Hummel, J.D., Dosdall, L.M., Clayton, G.W., Turkington, T.K., Lupwayi, N.Z., Harker, K.N., O’'Donovan, J.T.
46



138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

(2010). Canola-wheat intercrops for improved agronomic performance and integrated pest management.
Agronomy Journal, 101: 1190-1197.

Hurej, M., Twardowski, J.P. (2006). The influence of yellow lupin intercropped with spring ftriticale on
predatory carabid beetles (Coleoptera: Carabidae). European Journal of Entomology, 103: 259-261.

Irvin, N.A., Scarratt, S.L., Wratten, S.D., Frampton, C.M., Chapman, R.B., Tylianakis, J.M. (2006). The
effects of floral understoreys on parasitism of leafrollers (Lepidoptera: Tortricidae) on apples in New Zealand.
Agricultural & Forest Entomology, 8: 25-34.

Jackson, M.D., Sisson, V.A. (1998). Potential of Nicotiana kawakamii (Solanaceae) as a trap crop for
protecting flue-cured tobacco from damage by Heliothis virescens (Lepidoptera: Noctuidae) larvae. Journal
of Economic Entomology, 91: 759-766.

Jactel, H., Menassieu, P., Vetillard, F., Gaulier, A., Samalens, J.C., Brockerhoff, E.G. (2006). Tree species
diversity reduces the invasibility of maritime pine stands by the bast scale, Matsucoccus feytaudi
(Homoptera: Margarodidae). Canadian Journal of Forest Research, 36: 314-323.

Kemp, J.C., Barrett, G.W. (1989). Spatial patterning: impact of uncultivated corridors on arthropod
populations within soybean agroecosystems. Ecology, 70: 114-128.

Kenny, G.J., Chapman, R.B. (1988). Effects of an intercrop on the insect pests, yield, and quality of cabbage.
New Zealand Journal of Experimental Agriculture, 16: 67-72.

Khalsa, J., Fricke, T., Weigelt, A., Wachendorf, M. (2014). Effects of species richness and functional groups
on chemical constituents relevant for methane yields from anaerobic digestion: results from a grassland
diversity experiment. Grass and Forage Science, 69: 49-63.

Khalsa, J., Fricke, T., Weisser, W.W., Weigelt, A., Wachendorf, M. (2012). Effects of functional groups and
species richness on biomass constituents relevant for combustion: results from a grassland diversity
experiment. Grass & Forage Science, 67: 569-588.

Khan, Z.R., Pickett, J.A., Wadhams, L.J., Hassanali, A., Midega, C.A.O. (2006). Combined control of Striga
hermonthica, and stemborers by maize—Desmodium, spp. intercrops. Crop Protection, 25: 989-995.

Kloen, H., Altieri, M.A. (1990). Effect of mustard (Brassica hirta) as a non-crop plant on competition and
insect pests in broccoli (Brassica oleracea). Crop Protection, 9: 90-96.

Knops, J.M.H., Naeem, S., Reich, P.B. (2007). The impact of elevated CO2, increased nitrogen availability
and biodiversity on plant tissue quality and decomposition. Global Change Biology, 13: 1960-1971.
Koricheva, J., Mulder, C.P.H., Schmid, B., Joshi, J., Huss-Danell, K.. (2000). Numerical responses of
different trophic groups of invertebrates to manipulations of plant diversity in grasslands. Oecologia, 125:
271-282.

Kumar, S. (2017). Potential of ethiopian mustard, Brassica carinata as a trap crop for large white butterfly,

Pieris brassicae infesting Indian mustard, Brassica juncea. Journal of Pest Science, 90: 129-137.

47



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Kyamanywa, S., Baliddawa, C.W., Omolo, E. (2011). Influence of cowpea/maize mixture on generalists
predators and their effect on population density of the legume flower thrips, Megalurothrips sjostedti Trybom
(Thysanoptera: Thripidae). International Journal of Tropical Insect Science, 14: 712-717.

Lagerlof, J., Wallin, H. (1993). The abundance of arthropods along two field margins with different types of
vegetation composition: an experimental study. Agriculture Ecosystems & Environment, 43: 141-154.

Lai, R., You, M., Lotz, L.A.P., Vasseur, L. (2011). Response of green peach aphids and other arthropods to
garlic intercropped with tobacco. Agronomy Journal, 103: 856-863.

Lambert, J.D.H., Arnason, J.T., Serratos, A., Philogene, B.J.R., Faris, M.A. (1987). Role of intercropped red
clover in inhibiting European corn borer (Lepidoptera: Pyralidae) damage to corn in Eastern Ontario. Journal
of Economic Entomology, 12: 1192-1196.

Lamp, W.O. (1991). Reduced Empoasca fabae (Homoptera: Cicadellidae) density in oat-alfalfa intercrop
systems. Environmental Entomology, 20: 118-126.

Landl, M., Glauninger, J. (2013). Preliminary investigations into the use of trap crops to control Agriotes spp.
(Coleoptera: Elateridae) in potato crops. Journal of Pest Science, 86: 85-90.

Langer, V. (2015). Insect-crop interactions in a diversified cropping system: parasitism by Aleochara bilineata
and Trybliographa rapae of the cabbage root fly, Delia radicum, on cabbage in the presence of white clover.
Entomologia Experimentalis et Applicata, 80: 365-374.

Latheef, M.A., Ortiz, J.H. (1984). Influence of companion herbs on Phyllotreta cruciferae (Coleoptera:
Chrysomelidae) on collard plants. Journal of Economic Entomology, 77: 80-82.

Lawrence, W.S., Bach, C.E. (1989). Chrysomelid beetle movements in relation to host-plant size and
surrounding non-host vegetation. Ecology, 70: 1679-1690.

Lee, J.C., Heimpel, G.E. (2005). Impact of flowering buckwheat on Lepidopteran cabbage pests and their
parasitoids at two spatial scales. Biological Control, 34: 290-301.

Lemes, P.G., Anjos, N.D., Souza, R.M., Jorge, I.R. (2014). Effect of intercropping on predation of Oncideres
ocularis (Coleoptera: Cerambycidae) in Brazilian Acacia mangium plantations. Revista Colombiana De
Entomologia, 40: 34-39.

Leslie, A.W., Wang, K.H., Meyer, S.L.F., Marahatta, S., Hooks, C.R.R. (2017). Influence of cover crops on
arthropods, free-living nematodes, and yield in a succeeding no-till soybean crop. Applied Soil Ecology, 117:
21-31.

Letourneau, D.K. (1986). Associational resistance in squash monocultures and polycultures in tropical
Mexico. Environmental Entomology, 15: 285-292.

Letourneau, D.K. (1987). The enemies hypothesis: tri-trophic interactions and vegetational diversity in
tropical agroecosystems. Ecology, 68: 1616-1622.

Letourneau, D.K. (1990a). Abundance patterns of leafhopper enemies in pure and mixed stands.

48



166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Environmental Entomology, 19: 505-509.

Letourneau, D.K. (1990b). Mechanisms of predator accumulation in a mixed crop system. Ecological
Entomology, 15: 63-69.

Letourneau, D.K., Altieri, M.A. (1983). Abundance patterns of a predator, Orius tristicolor (Hemiptera:
Anthocoridae), and its prey, Frankliniella occidentalis (Thysanoptera: Thripidae): habitat attraction in
polycultures versus monocultures. Environmental Entomology, 12: 1464-1469.

Li, H., Pan, H., Wang, D., Liu, B., Liu, J., Zhang, J., Lu, Y. (2018). Intercropping with fruit trees increases
population abundance and alters species composition of spider mites on cotton. Environmental Entomology,
47:781-787.

Li, L., Sun, J., Zhang, F., Li, X,, Rengel, Z., Yang, S. (2001a). Wheat/maize or wheat/soybean strip
intercropping: Il. recovery or compensation of maize and soybean after wheat harvesting. Field Crops
Research, 71: 173-181.

Li, L., Sun, J., Zhang, F., Li, X,, Yang, S., Rengel, Z. (2001b). Wheat/maize or wheat/soybean strip
intercropping: |. Yield advantage and interspecific interactions on nutrients. Field Crops Research, 71: 123-
137.

Lin, R., Liang, H., Zhang, R., Tian, C., Ma, Y. (2003). Impact of alfalfa/cotton intercropping and management
on some aphid predators in china. Journal of Applied Entomology, 127: 33-36.

Lin, S., You, M.S., Yang, G., Chen, L.L. (2011). Can polycultural manipulation effectively control rice
planthoppers in rice-based ecosystems? Crop Protection, 30: 279-284.

Lipowsky, A., Schmid, B., Roscher, C. (2011). Selection for monoculture and mixture genotypes in a
biodiversity experiment. Basic and Applied Ecology, 12: 360-371.

Litsinger, J.A., Hasse, V., Barrion, A.T., Schmutterer, H. (1991). Response of Ostrinia furnacalis (Guenée)
(Lepidoptera: Pyralidae) to intercropping. Environmental Entomology, 20: 988-1004.

Loranger, H., Weisser, W.W., Ebeling, A., Eggers, T., De Luca, E., Loranger, J., Roscher, C., Meyer, S.T.
(2014). Invertebrate herbivory increases along an experimental gradient of grassland plant diversity.
Oecologia, 174: 183-193.

Lu, Y.H., Zheng, X.S, Lu, Z.X. (2019). Application of vetiver grass Vetiveria zizanioides: Poaceae (L.) as a
trap plant for rice stem borer Chilo suppressalis: Crambidae (Walker) in the paddy fields. Journal of
Integrative Agriculture, 18: 797-804.

Luigi, P, Miguela A, Andrewpaul G. (2007). Effects of crop diversification levels and fertilization regimes on
abundance of Brevicoryne brassicae (L.) and its parasitization by Diaeretiella rapae (M'intosh) in broccoli.
Agricultural & Forest Entomology, 9: 209-214.

Lundgren, J.G., Fergen, J.K. (2010). The effects of a winter cover crop on Diabrotica virgifera (Coleoptera:

Chrysomelidae) populations and beneficial arthropod communities in no-till maize. Environmental

49



179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Entomology, 39: 1816-1828.

Lundgren, J.G., Fergen, J.K. (2011). Enhancing predation of a subterranean insect pest: a conservation
benefit of winter vegetation in agroecosystems. Applied Soil Ecology, 51: 9-16.

Luther, G.C., Valenzuela, H.R., Defrank, J. (1996). Impact of cruciferous trap crops on Lepidopteran pests of
cabbage in Hawaii. Environmental Entomology, 25: 39-47.

Ma, K.Z., Hao, S.G., Zhao, H.Y., Kang, L. (2007). Strip cropping wheat and alfalfa to improve the biological
control of the wheat aphid Macrosiphum avenae by the mite Allothrombium ovatum. Agriculture Ecosystems
& Environment, 119: 49-52.

Ma, X.M., Liu, X.X., Zhang, Q.W., Zhao, J.Z., Cai, Q.N., Ma, Y.A., Chen, D.M. (2010). Assessment of cotton
aphids, Aphis gossypii, and their natural enemies on aphid-resistant and aphid-susceptible wheat varieties in
a wheat-cotton relay intercropping system. Entomologia Experimentalis et Applicata, 121: 235-241.
Manandhar, R., Hooks, C.R.R., Wright, M.G. (2009). Influence of cover crop and intercrop systems on
Bemisia argentifolli (Hemiptera: Aleyrodidae) infestation and associated squash silverleaf disorder in
Zucchini. Environmental Entomology, 38: 442-449.

Manandhar, R., Wang, K.H., Hooks, C.R.R., Wright, M.G. (2017). Effects of strip-tilled cover cropping on the
population density of thrips and predatory insects in a cucurbit agroecosystem. Journal of Asia-Pacific
Entomology, 20: 1254-1259.

Manandhar, R., Wright, M.G. (2015). Enhancing biological control of corn earworm, Helicoverpa zea, and
thrips through habitat management and inundative release of Trichogramma pretiosum, in corn cropping
systems. Biological Control, 89: 84-90.

Manandhar, R., Wright, M.G. (2016). Effects of interplanting flowering plants on the biological control of corn
earworm (Lepidoptera: Noctuidae) and thrips (Thysanoptera: Thripidae) in sweet corn. Journal of Economic
Entomology, 109: 113-119.

Mardfar, R.A., Raei, Y., Nassab, A.D.M., Khaghaninia, S., Amini, R. (2013). Yield and yield components of
wheat as influenced by intercropping of oilseed rape and fertilizers. Journal of Biodiversity and
Environmental Sciences, 3: 38-46.

Marquard, E, Weigelt, A., Roscher, C., Gubsch, M., Lipowsky, A., Schmid, B. (2009a). Positive biodiversity-
productivity relationship due to increased plant density. Journal of Ecology, 97: 696-704.

Marquard, E., Weigelt, A., Temperton, V.M., Roscher, C., Schumacher, J., Buchmann, N., Fischer, M.,
Weisser, W.W., Schmid, B. (2009b). Plant species richness and functional composition drive overyielding in
a six-year grassland experiment. Ecology, 90: 3290-3302.

Martin, R.C., Voldeng, H.D., Smith, D.L. (1990). Intercropping corn and soybean for silage in a cool-
temperature region: yield, protein and economic effects. Field Crops Research, 23: 295-310.

Mason, S.C., Leihner, D.E. (1988). Yield and land-use efficiency of a cassava/cowpea intercropping system

50



192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

grown at different phosphorus rates. Field Crops Research, 18: 215-226.

Mason, S.C., Leihner, D.E., Vorst, J.J. (1986a). Cassava-cowpea and cassava-peanut intercropping. |. Yield
and land use efficiency. Agronomy Journal, 78: 43-46.

Mason, S.C., Leihner, D.E., Vorst, J.J. (1986c). Cassava-cowpea and cassava-peanut intercropping. lll.
Nutrient concentrations and removal. Agronomy Journal, 78: 441-444.

Mason, S.C., Leihner, D.E., Vorst, J.J., Salazar, E. (1986b). Cassava-cowpea and cassava-peanut
intercropping. Il. Leaf area index and dry matter accumulation1. Agronomy Journal, 78: 47-53.

Mathews, C.R., Blaauw, B., Dively, G., Kotcon, J., Moore, J., Ogburn, E., Pfeiffer, D.G., Trope, T.,
Walgenbach, J.F., Welty, C., Zinati, G., Nielsen, A.L. (2017). Evaluating a polyculture trap crop for organic
management of Halyomorpha halys and native stink bugs in peppers. Journal of Pest Science, 90: 1245-
1255.

Matteson, P.C. (1982). The effects of intercropping with cereals and minimal permethrin applications on
insect pests of cowpea and their natural enemies in Nigeria. Pans Pest Articles & News Summaries, 28:
372-380.

Meagher, R.L.J., Meyer, J.R. (1990). Influence of ground cover and herbicide treatments on Tetranychus
urticae populations in peach orchards. Experimental & Applied Acarology, 9: 149-158.

Menalled, F.D., Marino, P.C., Gage, S.H., Landis, D.A. (1999). Does agricultural landscape structure affect
parasitism and parasitoid diversity? Ecological Applications, 9: 634-641.

Meyer, S.T., Scheithe, L., Hertzog, L., Ebeling, A., Wagg, C., Roscher, C., Weisser, W.W. (2017). Consistent
increase in herbivory along two experimental plant diversity gradients over multiple years. Ecosphere, 8:
e01876.

Meyling, N.V., Navntoft, S., Philipsen, H., Thorup-Kristensen, K., Eilenberg, J. (2013). Natural regulation of
Delia radicum, in organic cabbage production. Agriculture Ecosystems & Environment, 164: 183-189.
Midega, C.A.O., Khan, Z.R. (2003). Impact of a habitat management system on diversity and abundance of
maize stemborer predators in western Kenya. International Journal of Tropical Insect Science, 23: 301-308.
Midega, C.A.O., Ogoland, C.K.P.O., Overholt, W.A. (2004). Effect of agroecosystem diversity on natural
enemies of maize stemborers in coastal Kenya. International Journal of Tropical Insect Science, 24: 280-286.
Moreira, X., Mooney, K.A., Zas, R., Sampedro, L. (2012). Bottom-up effects of host-plant species diversity
and top-down effects of ants interactively increase plant performance. Proceedings of the Royal Society B:
Biological Sciences, 279: 4464-4472.

Mucheru-Muna, M., Pypers, P., Mugendi, D., Kung'U, J., Mugwe, J., Merckx, R., Vanlauwe, B. (2010). A
staggered maize-legume intercrop arrangement robustly increases crop yields and economic returns in the
highlands of central Kenya. Field Crops Research, 115: 132-139.

Muiruri, E.W., Barantal, S., lason, G.R., Salminen, J.P., Perez-Fernandez, E., Koricheva, J. (2019). Forest

51



206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

diversity effects on insect herbivores: do leaf traits matter? New Phytologist, 221: 2250-2260.

Mutiga, S.K., Gohole, L.S., Auma, E.O. (2010). Effects of integrating companion cropping and nitrogen
application on the performance and infestation of collards by Brevicoryne brassicae. Entomologia
Experimentalis et Applicata, 134: 234-244.

Nakahira, K., Takada, Y., Teramoto, T., Kagoshima, K., Takagi, M. (2012). Control of potato aphids by the
addition of barley strips in potato fields: a successful example of vegetation management. Biocontrol
Science & Technology, 22: 1155-1165.

Nampala, P., Ogengalatigo, M.W., Kyamanywa, S., Obuo, J.E. (2010). Effect of cowpea monocultures and
polycultures with sorghum and greengram on predatory arthropods. Annals of Applied Biology, 135: 457-461.
Nemec, K.T., Allen, C.R., Danielson, S.D., Helzer, C.J. (2014). Responses of predatory invertebrates to
seeding density and plant species richness in experimental tallgrass prairie restorations. Agriculture
Ecosystems & Environment, 183: 11-20.

Nestmann, S., Rajicic, T.S., Dehmer, K.J., Fischer, M., Schumacher, J., Roscher, C. (2011). Plant species
diversity and composition of experimental grasslands affect genetic differentiation of Lolium perenne
populations. Molecular Ecology, 20: 2188-2203.

Ning, C., Qu, J., He, L., Yang, R., Chen, Q., Luo, S., Cai, K. (2017). Improvement of yield, pest control and
Si nutrition of rice by rice-water spinach intercropping. Field Crops Research, 208: 34-43.

Nitschke, N., Allan, E., Zwodlfer, H., Wagner, L., Creutzburg, S., Baur, H., Schmidt, S., Weisser, W.W. (2017).
Plant diversity has contrasting effects on herbivore and parasitoid abundance in Centaurea jacea flower
heads. Ecology and Evolution, 7: 9319-9332.

Nitschke, N., Ebeling, A., Rottstock, T., Scherber, C., Middelhoff, C., Creutzburg, S., Weigelt, A., Tscharntke,
T., Fischer, M., Weisser, W.W. (2010). Time course of plant diversity effects on Centaurea jacea
establishment and the role of competition and herbivory. Journal of Plant Ecology, 3: 109-121.

Nitschke, N., Wiesner, K., Hilke, I., Eisenhauer, N., Oelmann, Y., Weisser, W.W. (2015). Increase of fast
nutrient cycling in grassland microcosms through insect herbivory depends on plant functional composition
and species diversity. Oikos, 124: 161-173.

Noman, M.S., Maleque, M.A., Alam, M.Z., Afroz, S., Ishii, H.T. (2013). Intercropping mustard with four spice
crops suppresses mustard aphid abundance, and increases both crop yield and farm profitability in central
Bangladesh. Pans Pest Articles & News Summaries, 59: 306-313.

Nwilene, F., Onasanya, A., Togola, A., Oyetunji, O., Semon, M., Tamo, M., Bright, E., Ofodile, S. (2011).
Effect of intercropping maize and cassava with upland nerica rice varieties on stemborer attack in southwest
Nigeria. Journal of Entomology, 8: 417-428.

Nyasani, J.O., Meyhdéfer, R., Subramanian, S., Poehling, H.M. (2012). Effect of intercrops on thrips species

composition and population abundance on French beans in Kenya. Entomologia Experimentalis et Applicata,

52



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

142: 236-246.

OBrien, M.J., Brezzi, M., Schuldt, A., Zhang, J.Y., Ma, K., Schmid, B., Niklaus, P.A. (2017). Tree diversity
drives diversity of arthropod herbivores, but successional stage mediates detritivores. Ecology and Evolution,
7: 8753-8760.

Ogenga-Latigo, M.W., Ampofo, J.K.O., Baliddawa, C.W. (1992a). Influence of maize row spacing on
infestation and damage of intercropped beans by the bean aphid (Aphis fabae, scop.). |. incidence of aphids.
Field Crops Research, 30: 111-121.

Ogenga-Latigo, M.W., Baliddawa, C.W., Ampofo, J.K.O. (1992b). Influence of maize row spacing on
infestation and damage of intercropped beans by the bean aphid (Aphis fabae, Scop.). Il. reduction in bean
yields. Field Crops Research, 30: 123-130.

Ogol, C.K.P.O., Spence, J.R., Keddie, A. (1998). Natural enemy abundance and activity in a maize-leucaena
agroforestry system in Kenya. Environmental Entomology, 27: 1444-1451.

Oor, P., Odebiyi, J.A. (2001). The effect of intercropping with maize on the level of infestation and damage by
pod-sucking bugs in cowpea. Crop Protection, 20: 367-372.

Oram, N.J., Ravenek, J.M., Barry, K., Weigelt, A., Chen, H., Gessler, A., Gockele, A., de Kroon, H., van der
Paauw, J.W., Scherer-Lorenzen, M., Smit-Tiekstra, A., van Ruijven, J., Mommer, L. (2018). Belowground
complementarity effects in a grassland biodiversity experiment are related to deep-rooting species. Journal
of Ecology, 106: 265-277.

Parajulee, M.N., Montandon, R., Slosser, J.E. (1997). Relay intercropping to enhance abundance of insect
predators of cotton aphid (Aphis gossypii Glover) in Texas cotton. Pans Pest Articles & News Summaries, 43:
227-232.

Parajulee, M.N., Slosser, J.E. (1999). Evaluation of potential relay strip crops for predator enhancement in
Texas cotton. Pans Pest Articles & News Summaries, 45: 275-286.

Pascual-Villalobos, M.J., Lacasa, A., Gonzalez, A., Vard, P., Garcia, M.J. (2006). Effect of flowering plant
strips on aphid and syrphid populations in lettuce. European Journal of Agronomy, 24: 182-185.

Pavuk, D.M., Stinner, B.R. (1991). Influence of weeds in corn plantings on population densities of and
damage by second—generation Ostrinia nubilalis (Hibner) (Lepidoptera: Pyralidae) larvae. Environmental
Entomology, 20: 276-281.

Pease, C.G., Zalom, F.G. (2010). Influence of non-crop plants on stink bug (Hemiptera: Pentatomidae) and
natural enemy abundance in tomatoes. Journal of Applied Entomology, 134: 626-636.

Pellissier, M.E., Jabbour, R. (2018). Herbivore and parasitoid insects respond differently to annual and
perennial floral strips in an alfalfa ecosystem. Biological Control, 123: 28-35.

Perfecto, I., Sediles, A. (1992). Vegetational diversity, ants (Hymenoptera: Formicidae), and herbivorous

pests in a neotropical agroecosystem. Environmental Entomology, 21: 61-67.

53



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

Petermann, J.S., Miller, C.B., Weigelt, A., Weisser, W.W., Schmid, B. (2010). Effect of plant species loss on
aphid—parasitoid communities. Journal of Animal Ecology, 79: 709-720.

Pfiffner, L., Luka, H., Schlatter, C., Juen, A., Traugott, M. (2009). Impact of wildflower strips on biological
control of cabbage Lepidopterans. Agriculture Ecosystems & Environment, 129; 310-314.

Phoofolo, M.W., Giles, K.L., Elliott, N.C. (2010). Effects of relay-intercropping sorghum with winter wheat,
alfalfa, and cotton on lady beetle (Coleoptera: Coccinellidae) abundance and species composition.
Environmental Entomology, 39: 763-774.

Piotto, D., Craven, D., Montagnini, F., Alice, F. (2010). Silvicultural and economic aspects of pure and mixed
native tree species plantations on degraded pasturelands in humid Costa Rica. New Forests, 39: 369-385.
Piper, J.K. (1996). Density of Anomoea flavokansiensis on Desmanthus illinoensis in monoculture and
polyculture. Entomologia Experimentalis et Applicata, 81: 105-111.

Power, A.G. (1987). Plant community diversity, herbivore movement, and an insect-transmitted disease of
maize. Ecology, 68: 1658-1669.

Pretzsch, H., Schiitze, G. (2009). Transgressive overyielding in mixed compared with pure stands of Norway
spruce and European beech in Central Europe: evidence on stand level and explanation on individual tree
level. European Journal of Forest Research, 128: 183-204.

Ramalho, F.S., Fernandes, F.S., Nascimento, A.R.B., Junior, J.L.N., Malaquias, J.B., Silva, C.A.D. (2012).
Assessment of fennel aphids (Hemiptera: Aphididae) and their predators in fennel intercropped with cotton
with colored fibers. Journal of Economic Entomology, 105: 113-119.

Ramalho, F.S., Fernandes, F.S., Nascimento, A.R.B., Nascimento, J.L., Malaquias, J.B., Silva, C.A.D. (2015).
Feeding damage from cotton aphids, aphis Gossypii glover (Hemiptera: Heteroptera: Aphididae), in cotton
with colored fiber intercropped with Fennel. Annals of the Entomological Society of America, 105: 20-27.
Ramert, B. (2010). The influence of intercropping and mulches on the occurrence of polyphagous predators
in carrot fields in relation to carrot fly (Psila rosae (F.)) (Dipt. Psilidae) damage. Journal of Applied
Entomology, 120: 39-46.

Ramert, B. (2012). Mulching with grass and bark and intercropping with Medicago litoralis against carrot fly
(Psila rosae (F.)). Biological Agriculture & Horticulture, 9: 125-135.

Ramert, B., Ekbom, B. (1996). Intercropping as a management strategy against carrot rust fly (Diptera:
Psilidae): a test of enemies and resource concentration hypotheses. Environmental Entomology, 25: 1092-
1100.

Ratnadass, A., Zakari-Moussa, O., Kadi-Kadi, H.A., Kumar, S., Grechi, I., Ryckewaert, P., Salha, H., Akourki,
M., Maadzou, A.A., Siaka, S.A., Salami, I. (2015). Potential of pigeon pea as a trap crop for control of fruit
worm infestation and damage to okra. Agricultural & Forest Entomology, 16: 426-433.

Rea, J.H., Wratten, S.D., Sedcole, R., Cameron, P.J., Davis, S.I., Chapman, R.B. (2015). Trap cropping to
54



245.

246.

247.

248.

249.

250.

251.

252.

253.

254,

255.

256.

manage green vegetable bug Nezara viridula (L.) (Heteroptera: Pentatomidae) in sweet corn in new Zealand.
Agricultural & Forest Entomology, 4: 101-107.

Reddy, M.S., Willey, R.W. (1981). Growth and resource use studies in an intercrop of pearlmillet/groundnut.
Field Crops Research, 4: 13-24.

Reich, P.B., Tilman, D., Naeem, S., Ellsworth, D.S., Knops, J., Craine, J., Wedin, D., Trost, J. (2004).
Species and functional group diversity independently influence biomass accumulation and its response to
CO2 and N. Proceedings of the National Academy of Sciences of the United States of America, 101: 10101-
10106.

Ribeiro, A.L., Gontijo, L.M. (2017). Alyssum flowers promote biological control of collard pests. Biocontrol, 62:
1-12.

Risch, S.J. (1979). A comparison, by sweep sampling, of the insect fauna from corn and sweet potato
monocultures and dicultures in Costa Rica. Oecologia, 42: 195-211.

Risch, S.J. (1981). Insect herbivore abundance in tropical monocultures and polycultures: an experimental
test of two hypotheses. Ecology, 62: 1325-1340.

Roda, A.L., Landis, D.A., Coggins, M.L. (1997). Forage grasses elicit emigration of adult potato leafhopper
(Homoptera: Cicadellidae) from alfalfa-grass mixtures. Environmental Entomology, 26: 745-753.
Rosado-Sanchez, S., Parra-Tabla, V., Betancur-Ancona, D., Moreira, X., & Abdala-Roberts, L. (2018a). Tree
species diversity alters plant defense investment in an experimental forest plantation in southern Mexico.
Biotropica, 50: 246-253.

Rosado-Sanchez, S., Parra - Tabla, V., Betancur - Ancona, D., Moreira, X., Abdala - Roberts, L. (2018b).
Effects of tree species diversity on insect herbivory and leaf defences in Cordia dodecandra. Ecological
Entomology, 43: 703-711.

Roscher, C., Schmid, B., Buchmann, N., Schulze, W.E.D. (2011). Legume species differ in the responses of
their functional traits to plant diversity. Oecologia, 165: 437-452.

Roscher, C., Schumacher, J., Lipowsky, A., Gubsch, M., Weigelt, A., Pompe, S., Kolle, O., Buchmann, N.,
Schmid, B., Schulze, E.D. (2013). A functional trait-based approach to understand community assembly and
diversity—productivity relationships over 7 years in experimental grasslands. Perspectives in Plant Ecology,
Evolution and Systematics, 15: 139-149.

Roscher, C., Schumacher, J., Marlén Gubsch, Lipowsky, A., Schulze, E.D. (2018). Origin context of trait data
matters for predictions of community performance in a grassland biodiversity experiment. Ecology, 99: 1214-
1226.

Roscher, C., Schumacher, J., Petermann, J.S., Fergus, A.J.F., Gerighausen, U., Michalski, S.G., Schmid, B.,
Schulze, E.D. (2016). Convergent high diversity in naturally colonized experimental grasslands is not related

to increased productivity. Perspectives in Plant Ecology, Evolution and Systematics, 20: 32-45.
55



257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

Rusinamhodzi, L., Murwira, H.K., Nyamangara, J. (2006). Cotton—cowpea intercropping and its Nz, fixation
capacity improves yield of a subsequent maize crop under Zimbabwean rain-fed conditions. Plant & Soil,
287: 327-336.

Ryan, J., Ryan, M.F., Mcnaeidhe, F. (1980). The effect of interrow plant cover on populations of the cabbage
root fly, Delia brassicae (Wiedemann). Journal of Applied Ecology, 17: 31-40.

Saeed, Q., Zaka, M., Saeed, S., Bakhtawar, M. (2013). Lucerne as trap crop in wheat for development of
predators population against wheat aphids (Aphididae: Homoptera). Pakistan Journal of Zoology, 45: 193-
196.

Santalla, M., Ron, A.M.D., Casquero, P.A. (1995). Nutritional and culinary quality of bush bean populations
intercropped with maize. Euphytica, 84: 57-65.

Santalla, M., Ron, A.M.D., Escribano, M.R. (1994). Effect of intercropping bush bean populations with maize
on agronomic traits and their implications for selection. Field Crops Research, 36: 185-189.

Sarker, P.K., Rahman, M.M., Das, B.C. (2009). Effect of intercropping with mustard with onion and garlic on
aphid population and yield. Journal of Bio-Science, 15: 35-40.

Schader, C., Zaller, J.G., Kopke, U. (2005). Cotton-basil intercropping: effects on pests, yields and
economical parameters in an organic field in Fayoum, Egypt. Biological Agriculture & Horticulture, 23: 59-72.
Schellhorn, N.A., Sork, V.L. (1997). The impact of weed diversity on insect population dynamics and crop
yield in collards, Brassica oleraceae (Brassicaceae). Oecologia, 111: 233-240.

Scherber, C., Milcu, A., Partsch, S., Weisser, S.W.W. (2006a). The effects of plant diversity and insect
herbivory on performance of individual plant species in experimental grassland. Journal of Ecology, 94: 922-
931.

Scherber, C., Mwangi, P.N., Temperton, V.M., Roscher, C., Schumacher, J., Schmid, B., Weisser, W.W.
(2006Db). Effects of plant diversity on invertebrate herbivory in experimental grassland. Oecologia, 147: 489-
500.

Schmidt, M. (2015). Tree species diversity effects on productivity, soil nutrient availability and nutrient
response efficiency in a temperate deciduous forest. Forest Ecology & Management, 338: 114-123.
Schmidtke, A., Rottstock, T., Gaedke, U., Fischer, M. (2010). Plant community diversity and composition
affect individual plant performance. Oecologia, 164: 665-677.

Schmitz, M., Flynn, D.F.B., Mwangi, P.N., Schmid, R., Scherer-Lorenzen, M., Weisser, W.W., Schmid, B.
(2013). Consistent effects of biodiversity on ecosystem functioning under varying density and evenness.
Folia Geobotanica, 48: 335-353.

Scholte, K. (2015). Effect of potato used as a trap crop on potato cyst nematodes and other soil pathogens
and on the growth of a subsequent main potato crop. Annals of Applied Biology, 136: 229-238.

Schuldt, A., Baruffol, M., Béhnke, M., Bruelheide, H., Hardtle, W., Lang, A.C., Nadrowski, K., von Oheimb, G.,
56



272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

Voigt, W., Zhou, H., Assmann, T., Fridley, J. (2010). Tree diversity promotes insect herbivory in subtropical
forests of south-east China. Journal of Ecology, 98: 917-926.

Schuldt, A., Bruelheide, H., Durka, W., Michalski, S.G., Purschke, O., Assmann, T. (2014). Tree diversity
promotes functional dissimilarity and maintains functional richness despite species loss in predator
assemblages. Oecologia, 174: 533-543.

Schuldt, A., Bruelheide, H., Hardtle, W., Assmann, T,, Li, Y., Ma, K., von Oheimb, G., Zhang, J. (2015). Early
positive effects of tree species richness on herbivory in a large-scale forest biodiversity experiment influence
tree growth. Journal of Ecology, 103: 563-571.

Schuldt, A., Ebeling, A., Kunz, M., Staab, M., Guimaraes-Steinicke, C., Bachmann, D., Buchmann, N., Durka,
W., Fichtner, A., Fornoff, F., Hardtle, W., Hertzog, L.R., Klein, A.Ma., Roscher, C., Schaller, J., von Oheimb,
G., Weigelt, A., Weisser, W., Wirth, C., Zhang, J., Bruelheide, H., Eisenhauer Nico. (2019). Multiple plant
diversity components drive consumer communities across ecosystems. Nature Communications, 10: 1460.
Seabloom, E.W., Kinkel, L., Borer, E.T., Hautier, Y., Montgomery, R.A., Tilman, D. (2017). Food webs
obscure the strength of plant diversity effects on primary productivity. Ecology Letters, 20: 505-512.
Seagraves, M.P,, Yeargan, K.V. (2006). Selection and evaluation of a companion plant to indirectly augment
densities of Coleomegilla maculata (Coleoptera: Coccinellidae) in sweet corn. Environmental Entomology,
35: 1334-1341.

Sekamatte, B.M., Ogengalatigo, M., Russellsmith, A. (2003). Effects of maize-legume intercrops on termite
damage to maize, activity of predatory ants and maize yields in Uganda. Crop Protection, 22: 87-93.
Sherawat, S.M., Butt, A., Tahir, H.M. (2012). Effect of Brassica strips on the population of aphids and
arthropod predators in wheat ecosystem. Pakistan Journal of Zoology, 44: 173-179.

Shi, P.J., Hui, C., Men, X.Y., Zhao, Z.H., Ouyang, F., Ge, F,, Jin, X, Cao, H., Li, B.L. (2014). Cascade effects
of crop species richness on the diversity of pest insects and their natural enemies. Science China Life
Sciences, 57: 718-725.

Showler, A.T., Greenberg, S.M. (2003). Effects of weeds on selected arthropod herbivore and natural enemy
populations, and on cotton growth and yield. Environmental Entomology, 32: 39-49.

Sibhatu, B., Belete, K., Tessema, T. (2015). Effect of cowpea density and nitrogen fertilizer on a sorghum-
cowpea intercropping system in Kobo, Northern Ethiopia. International Journal of Agriculture and Forestry, 5:
305-317.

Siemann, E., Tilman, D., Haarstad, J., Ritchie, M. (1998). Experimental tests of the dependence of arthropod
diversity on plant diversity. The American Naturalist, 152: 738-750.

Sigsgaard, L. (1999). Effects of cowpea intersowing and insecticide application on Helicoverpa armigera
Hubner (Lepidoptera: Noctuidae) and its natural enemies in pigeonpea intercropped with sorghum. PANS

Pest Articles & News Summaries, 45: 61-67.
57



284.

285.

286.

287.

288.

289.

290.

201.

202.

293.

294.

295.

296.

297.

Silva, E.B., Franco, J.C., Vasconcelos, T., Branco, M. (2010). Effect of ground cover vegetation on the
abundance and diversity of beneficial arthropods in citrus orchards. Bulletin of Entomological Research, 100:
489-499.

Singh, A., Weisser, W.W., Hanna, R., Houmgny, R., Zytynska, S.E. (2017). Reduce pests, enhance
production: Benefits of intercropping at high densities for okra farmers in Cameroon. Pest Management
Science, 73: 2017-2027.

Sirrine, J., Letourneau, D.K., Shennan, C., Sirrine, D., Fouch, R., Jackson, L., Mages, A. (2008). Impacts of
groundcover management systems on yield, leaf nutrients, weeds, and arthropods of tart cherry in Michigan,
USA. Agriculture Ecosystems & Environment, 125: 239-245.

Skelton, L.E., Barrett, G.W. (2005). A comparison of conventional and alternative agroecosystems using
alfalfa (Medicago sativa) and winter wheat (Triticum aestivum). Renewable Agriculture & Food Systems, 20:
38-47.

Skovgard, H, Pats, P. (1996). Effects of intercropping on maize stemborers and their natural enemies.
Bulletin of Entomological Research, 86: 599-607.

Smith, H.A., Koenig, R.L., Mcauslane, H.J., Mcsorley, R. (2000a). Effect of silver reflective mulch and a
summer squash trap crop on densities of immature Bemisia argentifolii (Homoptera: Aleyrodidae) on organic
bean. Journal of Economic Entomology, 93: 726-731.

Smith, H.A., Mcsorley, R. (2000). Potential of field corn as a barrier crop and eggplant as a trap crop for
management of Bemisia argentifolii (Homoptera: Aleyrodidae) on common bean in north Florida. Florida
Entomologist, 83: 145-158.

Smith, H.A., Mcsorley, R., Edwards, G.B. (2000b). A comparison of some arthropod groups on monocropped
and intercropped tomato in Baja verapaz, Guatemala. Florida Entomologist, 83: 358-362.

Smith, J.G. (1976). Influence of crop background on aphids and other phytophagous insects on Brussels
sprouts. Annals of Applied Biology, 83: 1-13.

Smith, J.G. (1969). Some effects of crop background on populations of aphids and their natural enemies on
Brussels sprouts. Annals of Applied Biology, 63: 326-330.

Soundararajan, R.P., Chitra, N. (2012). Impact of intercrops on insect pests of blackgram, Vigna mungo L.
Journal of Entomology, 9: 208-219.

Staab, M., Schuldt, A., Assmann, T., Klein, A.M. (2014). Tree diversity promotes predator but not omnivore
ants in a subtropical Chinese forest. Ecological Entomology, 39: 637-647.

Staudacher, K., Schallhart, N., Thalinger, B., Wallinger, C., Juen, A., Traugott, M. (2013). Plant diversity
affects behavior of generalist root herbivores, reduces crop damage, and enhances crop yield. Ecological
applications, 23: 1135-1145.

Steinauer, K., Jensen, B., Strecker, T., de Luca, E., Scheu, S., Eisenhauer, N. (2016). Convergence of soil

58



298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

300.

310.

311.

microbial properties after plant colonization of an experimental plant diversity gradient. BMC Ecology, 16: 19.

Stephens, M.J., France, C.M., Wratten, S.D., Frampton, C. (1998). Enhancing biological control of leafrollers
(Lepidoptera: Tortricidae) by sowing buckwheat (Fagopyrum esculentum) in an orchard. Biocontrol Science
& Technology, 8: 547-558.

Straub, C.S., Simasek, N.P., Dohm, R., Gapinski, M.R., Aikens, E.O., Nagy, C. (2014). Plant diversity
increases herbivore movement and vulnerability to predation. Basic & Applied Ecology, 15: 50-58.

Straub, C.S., Simasek, N.P., Gapinski, M.R., Dohm, R., Aikens, E.O., Muscella, S. (2013). Influence of
nonhost plant diversity and natural enemies on the potato leathopper, Empoasca fabae, and pea aphid,

Acyrthosiphon pisum, in alfalfa. Journal of Pest Science, 86: 235-244.

Sujayanand, G.K., Sharma, R.K., Shankarganesh, K., Saha S., Tomar, R.S. (2015). Crop diversification for
sustainable insect pest management in eggplant (Solanales: Solanaceae). Florida Entomologist, 98: 305-
314.

Sun, Z., Liu, X., Schmid, B., Bruelheide, H., Bu, W., Ma, K. (2017). Positive effects of tree species richness
on fine-root production in a subtropical forest in SE-China. Journal of Plant Ecology, 10: 146-157.

Symstad, A.J., Siemann, E., Haarstad, J. (2000). An experimental test of the effect of plant functional group
diversity on arthropod diversity. Oikos, 89: 243-253.

Tahvanainen, J.O., Root, R.B. (1972). The influence of vegetational diversity on the population ecology of a

specialized herbivore, Phyllotreta cruciferae (Coleoptera: Chrysomelidae). Oecologia, 10: 321-346.

Tajmiri, P., Fathi, S.A.A., Golizadeh, A., Nouriganbalani, G. (2017). Effect of strip-intercropping potato and
annual alfalfa on populations of Leptinotarsa decemlineata say and its predators. International Journal of
Pest Management, 63: 273-279.

Theunissen, J., Cjh, B., Lap, L. (1995). Effects of intercropping white cabbage with clovers on pest
infestation and yield. Entomologia Experimentalis et Applicata, 74: 7-16.

Theunissen, J., Ouden, H.D. (1980). Effects of intercropping with Spergula arvensis on pests of brussels
sprouts. Entomologia Experimentalis et Applicata, 27: 260-268.

Tillman, G., Schomberg, H., Phatak, S., Mullinix, B., Lachnicht, S., Timper, P., Olson, D. (2004). Influence of
cover crops on insect pests and predators in conservation tillage cotton. Journal of Economic Entomology,
97: 1217-1232.

Tillman, P.G. (2006). Tobacco as a trap crop for Heliothis virescens (F.) (Lepidoptera: Noctuidae) in cotton.
Journal of Entomological Science, 41: 305-320.

Tillman, P.G., Mullinix, B.G. (2004). Grain sorghum as a trap crop for corn earworm (Lepidoptera : Noctuidae)
in cotton. Environmental Entomology, 33: 1371-1380.

Tilman, D., Reich, P.B., Knops, J., Wedin, D., Mielke, T., Lehman C. (2001). Diversity and productivity in a

long-term grassland experiment. Science, 294: 843-845.

59



312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

Tilman, D., Wedin, D., Knops, J. (1996). Productivity and sustainability influenced by biodiversity in
grassland ecosystems. Nature, 379: 718-720.

Toko, M., Yaninek, J.S., O'Neil, R.J. (1996). Response of Mononychellus tanajoa (Acari: Tetranychidae) to
cropping systems, cultivars, and pest interventions. Environmental Entomology, 25: 237-249.

Tomaseto, A.F., Marques, R.N., Fereres, A., Zanardi, O.Z., Volpe, H.X.L., Alquézar, B., Pefa L., Miranda,
M.P. (2019). Orange jasmine as a trap crop to control Diaphorina citri. Scientific Reports, 9: 2070.

Tonhasca, A. (2011). Effects of agroecosystem diversification on natural enemies of soybean herbivores.
Entomologia Experimentalis et Applicata, 69: 83-90.

Tonhasca-Jr, A., Stinner, B.R. (1991). Effects of strip intercropping and no-tillage on some pests and
beneficial invertebrates of corn in ohio. Environmental Entomology, 20: 1251-1258.

Trdan, S., Vali¢, N., Znidarci¢, D., Vidrih, M., Bergant, K., Zlati¢, E., Milevoj, L. (2005). The role of Chinese
cabbage as a trap crop for flea beetles (Coleoptera: Chrysomelidae) in production of white cabbage.
Scientia Horticulturae, 106: 12-24.

Tukahirwa, E.M., Coaker, T.H. (1982). Effect of mixed cropping on some insect pests of brassicas; reduced
Brevicoryne brassicae infestations and influences on Epigeal predators and the disturbance of oviposition
behaviour in Delia brassicae. Entomologia Experimentalis et Applicata, 32: 129-140.

Tulli, M.C., Carmona, D.M., Vincini, A.M. (2013). Influence of plant diversity on the numerical response of
Eriopis connexa (Coleoptera: Coccinellidae) to changes in cereal aphid density in wheat crops. International
Journal of Ecology, 2013: 1-8.

Uvah, LI, Coaker, T.H. (1984). Effect of mixed cropping on some insect pests of carrots and onions.
Entomologia Experimentalis et Applicata, 36: 159-167.

van Moorsel, S.J., Hahl, T., Wagg, C., De Deyn, G.B., Flynn, D.F.B., Zuppinger-Dingley, D., Schmid, B.
(2017). Community evolution increases plant productivity at low diversity. Ecology Letters, 21: 128-137.

van Moorsel, S.J., Schmid, M.W., Terhi, H., Debra, Z.D., Bernhard, S. (2018). Selection in response to
community diversity alters plant performance and functional traits. Perspectives in Plant Ecology, Evolution
and Systematics, 33: 51-61.

van Ruijven, J., Berendse, F. (2003). Positive effects of diversity on productivity in the absence of legumes.
Ecology Letters, 6: 170-175.

Verdelli, D., Acciaresi, H.A., Leguizamoén, E.S. (2012). Corn and soybeans in a strip intercropping system:
crop growth rates, radiation interception, and grain yield components. International Journal of Agronomy,
2012: 1-17.

Wagg, C., O’Brien, M.J., Vogel, A., Scherer-Lorenzen, M., Eisenhauer, N., Schmid, B., Weigelt, A. (2017).
Plant diversity maintains long-term ecosystem productivity under frequent drought by increasing short-term

variation. Ecology, 98: 2952-2961.
60



326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

Wan, H.H., Song, B.Z., Tang, G.B., Zhang, J., Yao, Y.C. (2015). What are the effects of aromatic plants and
meteorological factors on Pseudococcus comstocki and its predators in pear orchards? Agroforestry
Systems, 89: 537-547.

Wan, N.F., Ji, X.Y., Deng, J.Y., Kieer, L.P., Cai, Y.M., Jiang, J.X. (2019). Plant diversification promotes
biocontrol services in peach orchards by shaping the ecological niches of insect herbivores and their natural
enemies. Ecological Indicators, 99: 387-392.

Wan, N.F,, Ji, X.Y., Gu, X.J., Jiang, J.X., Wu, J.H., Li, B. (2014a). Ecological engineering of ground cover
vegetation promotes biocontrol services in peach orchards. Ecological Engineering, 64: 62-65.

Wan, N.F.,, Ji, X.Y,, Jiang, J.X. (2014b). Testing the enemies hypothesis in peach orchards in two different
geographic areas in eastern china: the role of ground cover vegetation. PLoS One, 9: €99850.

Wan, N.F., Ji, X.Y., Kieer, L.P,, Liu, S.S., Deng, J.Y., Jiang, J.X., Li, B. (2018). Ground cover increases spatial
aggregation and association of insect herbivores and their predators in an agricultural landscape.
Landscape Ecology, 33: 799-809.

Wan, N.F., Zhang, Y.M., Huang, K.H., Ji, X.Y., Jiang, J.X. (2016). Ecological engineering of trap cropping
promotes biocontrol services in peach orchard ecosystems. Ecological Engineering, 90: 427-430.

Wang, G., Cui, L.L., Dong, J., Francis, F., Liu, Y., Tooker, J. (2011). Combining intercropping with
semiochemical releases: optimization of alternative control of Sitobion avenae in wheat crops in china.
Entomologia Experimentalis et Applicata, 140: 189-195.

Waterworth, J.V. (1994). Intercropping cotton and groundnut in low and high rainfall areas in eastern Zambia.
Experimental Agriculture, 30: 461-465.

Weigelt, A., Weisser, W.W., Buchmann, N., Scherer-Lorenzen, M. (2009). Biodiversity for multifunctional
grasslands: equal productivity in high-diversity low-input and low-diversity high-input systems.
Biogeosciences Discussions, 6: 1695-1706.

Weiss, M.J., Schatz, B.G., Gardner, J.C., Nead, B.A. (1994). Flea beetle (Coleoptera: Chrysomelidae)
populations and crop yield in field pea and oilseed rape intercrops. Environmental Entomology, 23: 654-658.
Weisser, W.W., Roscher, C., Meyer, S.T., Ebeling, A., Luo, G., Allan, E., BeBler, H., Barnard, R.L., Buchmann,
N., Buscot, F., Engels, C., Fischer, C., Fischer, M., Gessler, A., Gleixner, G., Halle, S., Hildebrandt, A.,
Hillebrand, H., de Kroon, H., Lange, M., Leimer, S., Le Rouc X., Milcu, A., Mommer, L., Niklaus, P.A.,
Oelmann, Y., Proulx, R., Roy, J., Scherber, C., Scherer-lorenzen, M., Scheu, S., Tscharntke, T., Wachendorf,
M., Wagg, C., Weigelt, A., Wilcke, W., Wirth, C., Schulze, E.D., Schmid, B., Eisenhauer, N. (2017).
Biodiversity effects on ecosystem functioning in a 15-year grassland experiment: patterns, mechanisms, and
open questions. Basic and Applied Ecology, 23: 1-73.

Welti, E., Helzer, C., Joern, A. (2017). Impacts of plant diversity on arthropod communities and plant-

herbivore network architecture. Ecosphere, 8: e01983.

61



338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

Werling, B.P., Harmon, J., Straub, C., Gratton, C. (2012). Influence of native north American prairie grasses
on predation of an insect herbivore of potato. Biological Control, 61: 15-25.

Wilson, A.R., Nzokou, P., Cregg, B. (2010). Ground covers in Fraser fir (Abies fraseri [Pursh] Poir.)
production systems: effects on soil fertility, tree morphology and foliar nutrient status. European Journal of
Horticultural Science, 75: 269-277.

Woltz, J.M., Isaacs, R., Landis, D.A. (2012). Landscape structure and habitat management differentially
influence insect natural enemies in an agricultural landscape. Agriculture Ecosystems & Environment, 152:
40-49.

Xie, H.C., Chen, J.L., Cheng, D.F., Zhou, H.B., Sun, J.R., Yong, L., Francis, F. (2012). Impact of wheat—
mung bean intercropping on English grain aphid (Hemiptera: Aphididae) populations and its natural enemy.
Journal of Economic Entomology, 105: 854-859.

Xu, Q., Fujiyama, S., Xu, H. (2011). Biological pest control by enhancing populations of natural enemies in
organic farming systems. Journal of Food Agriculture & Environment, 9: 455-463.

Yang, B., Li, B., He, Y., Zhang, L., Bruelheide, H., Schuldt, A. (2018). Tree diversity has contrasting effects
on predation rates by birds and arthropods on three broadleaved, subtropical tree species. Ecological
Research, 33: 205-212.

Yao, F.L., You, M.S., Vasseur, L., Yang, G., Zheng, Y.K. (2012). Polycultural manipulation for better
regulation of planthopper populations in irrigated rice-based ecosystems. Crop Protection, 34: 104-111.
Zeng, X., Durka, W., Fischer, M. (2017). Species-specific effects of genetic diversity and species diversity of
experimental communities on early tree performance. Journal of Plant Ecoogy, 10: 252-258.

Zhang, J., Bruelheide, H., Chen, X., Eichenberg, D., Schuldt, A. (2017). Tree diversity promotes generalist
herbivore community patterns in a young subtropical forest experiment. Oecologia, 183: 455-467.

Zhang, L., Werf, W.V.D., Zhang, S., Li, B., Spiertz, J.H.J. (2007). Growth, yield and quality of wheat and
cotton in relay strip intercropping systems. Field Crops Research, 103: 178-188.

Zhang, Z., Zhou, C., Xu, Y., Huang, X., Zhang, L., Mu, W. (2017). Effects of intercropping tea with aromatic
plants on population dynamics of arthropods in Chinese tea plantations. Journal of Pest Science, 90: 227-
237.

Zhou, H.B, Chen L, Chen, J., Francis, F., Haubruge, E., Liu, Y., Bragard, C, Cheng, D. (2013a). Adaptation of
wheat-pea intercropping pattern in china to reduce Sitobion avenae (Hemiptera: Aphididae) occurrence by
promoting natural enemies. Journal of Sustainable Agriculture, 37: 1001-1016.

Zhou, H.B., Chen, J.L., Yong, L., Francis, F., Haubruge, E., Bragard, C., Sun J.R., Cheng, D.A. (2013b).
Influence of garlic intercropping or active emitted volatiles in releasers on aphid and related beneficial in
wheat fields in China. Journal of Integrative Agriculture, 12: 467-473.

Zhu, H., Wang, D., Guo, Q., Liu, J., Wang, L. (2015). Interactive effects of large herbivores and plant
62



diversity on insect abundance in a meadow steppe in China. Agriculture, Ecosystems & Environment, 212:

245-252.

63



	SpringerNature_NatPlants_654_ESM.pdf
	Trophic group × log2 (added plant species over con
	Further description of study selection
	In agroecosystems, some plant species diversity st
	 When the treatment group was paired with the cont
	Further description of predictor variables
	As predictor variables, we used five categorical v
	The meta-regression models for model comparison an
	Transformation of herbivore effects sizes
	Additional information on path analysis


