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Interactions between drought stress and mycorrhiza fungi on the bean plant

and the pea aphid, Acyrthosiphon pisum
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Abstract

Drought stress is a pivotal abiotic stressor and a key environmental factor constraining plant growth and crop yield. Utilizing
beneficial symbionts like mycorrhizal fungi can ameliorate plant resilience under drought conditions. The bean plant holds substantial
agricultural importance, which has faced significant threat from the pea aphid, Acyrthosiphon pisum. This study investigates the
interactions between drought stress and mycorrhizal fungi and their effects on bean plant and the pea aphid. We investigated the growth
parameters of bean plants, along with the population growth and biological traits of the pea aphid, under the combined effects of
drought stress and mycorrhizal fungi symbiosis. In the first-year experiment, results showed an interactive effect of drought stress with
mycorrhizal fungi on leaf area and plant weight indices. In addition, there was a three-way interaction among plant variety, drought
stress, and mycorrhizal fungi on plant leaf area index. In the second year, drought stress led to a decrease in plant growth indices such
as plant height and number of leaves. Additionally, drought stress negatively impacted the biological parameters of the pea aphid,
survival rate, lifespan, and mortality. In addition, there was a two-way interaction of drought stress and mycorrhizal fungi on the aphid
survival rate. These findings suggest that severe drought stress significantly affects both plants and aphids, potentially influencing the
performance of the bean plant and the population growth of the pea aphid. The effect of interaction between drought stress and
mycorrhizal fungi on plant growth and aphid survival was significant.
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Table 1. Treatments in the experiment on biological indices

of the pea aphid.

Treatment Cultivar Mycorrhizae  Drought stress
1 Balochi - Severely stressed
2 Balochi - Well-watered
3 Balochi + Severely stressed
4 Balochi + Well-watered
5 Barakat - Severely stressed
6 Barakat - Well-watered
7 Barakat + Severely stressed
8 Barakat + Well-watered

k3 sl b wlie by, OlalS s 51

S s olS F 5 sl do el i i Jlesl
Jiie Jl axd sde Ar slied ey (S il a4 olS
oLS ;o 3, (Clipcage) S 5 i o )3 sde S SIS«
u;.oL.uYingjxﬁeslajl;qudyrbgiibj:
wd Ol opl CddS 31 ey S plhess U A esls o3l
LA Bl olS (655 5l esn K e oy eled 5 esle
e el 5 S 13 550 4iliss (S 2 gla i
GMx laain gy 55 Ao S el Lao gy se 5 L)
szu‘eifsmmouu;fﬂck.‘w)umj\eu\k
BolS i OF 51y 3 st S o 4 3505 3
A5 Sy sl 5 el 5 LA oy 5 4l 50 abol>

)‘ o ol .Uj:ﬂ LgLﬁOJﬁ: A &)w BES) PP ol

VENY Wdal ¥ oylad QY A 1 alE slaslew 5 ST

ol s Jt dle wile s 2lesT el plosil Jol e
w5 olS S sl 5 A axslS OIS VY e sl oS sl
i Blsl 6, Se3lul 350 sla el
Sl Jdou 5 452

ke sk ol 53 o S Sl sla e
WS slins bS5 055 S e 51 olS gl 5l L
3l 33 Ao 5 basd S sl sl S el
JS o S 0 8 ailne s o ladL sl ds
SUA Aoy e 5 A dsles olS (55, brad slies
ol Jooss 5 a5 S s S lons Comem ol SladL
YO &5es IBM SPSS i3l o5 Sl Ll gad ey 5 Laosls
33 S5 0seil 3l eslital b ey SKilie anlie i oslizal
Wby plowil Aoy iy Jlen e

ol b bl e ame Jsl Jl ialesl o
Jeos s a2 gl 5 Lo b S @jﬁdbbuﬁwﬁuﬁ
o3litel (MANOVA) o ize Lix bl 5JUT S Leesls
WS gLyl bg e slaesls g3 JL Sialesl s s S
JL‘J;@,-j:6\,1;@&5;@“;@@“‘5){;\@
S pods LS Sl e biand IS slias jaze 32l Lol €3 5
s 5 s sl elps Jl s b Ve b S
o3litul (MANOVA) o ize A bsls 5JUT 51 Laosls
LS b sss b g o5 sl Sladl sl b ds s s S
el el 5 4 sl cnl b e S5 e 5 eal
43 S o3l Kruskal-Wallis G el )b 8 05030 51 (55!
A s s 8 o sla s aalles (o
170550 g6 5 S5 S8

35S e ell) e gla el adlas ke
St slaslag b oo K555 s axd (e My
B s lesl SBL oS W35 53 s oS 20U
(Jole 93 by JosSU O son 5 ol LS glas sl
4 50 S b Ao ys by 5 Ao s A Cladp):‘;ﬁi;‘-u;;.:

\E )a(g_é,.mcx,jg_érm)clwﬁﬁ‘)iﬂg:‘gﬁ)



Acyrthosiphon pisum K js 55 e 425 3 Wb LS 5 135 5500 T8 5 S S e Ol 3100, 8es oK s Yot

o 0503 3B b 5 e by L Jlo s 58
by e slajlssel As eslinal Kruskal-Wallis K sl

d Camazr A 5 Wb olE gud; sla e ls aslllas (I
7055 o8 5 (St S i o (K 450 s
dol dlw Sl

Sl plaS s oS sl 0L b g e glaesls Jdod 5 42
ol (g S eIl Sl el gl g Fl Sles wla )l
ol Jlasl slasles Llize 1 3 (Y Jadsr) Al
Slaat i o) oS ol b S o5 bl il Las
WS w35 o Blase Sl pizmes 5 olS 5055 5 Sl
oS S phaw s () 1S g6 5 (Six i
(Y Jsde) Lo g sols e S 6o

wiop S e 0l b s ol Ldd e OBl Ssled
Jsb ( (Sos o 2 Oloss Jsb 2 cpl bl aalsl WL
Bl 6l aliens 3 b s dsb o Sos 0ss S
s b aliessy 3 e esss dsb albes s Olss Jub
S baxs 555L Ol 5 Jod & e Jsb cand 5 3 a

L daloms Ciltses (glaslas

bl Jdou 5 432
sl s s il o ol a4 b g o slaesls
S o b, (Kaplan-Meier) < Qj,aﬂ e s 4 Calises
Oy O30 3l oslinal b ile slajlas 5o laasd e
sla Sl 3 avslis (gl s a5 (Chi-square Pearson) , sl S
Jebos 5 e 8w lanl s ge la Sl 3 L el edaline
Jo 5 Olgmear Lo glaesls Jodo 5 e 6l 0
Ghls aesls aslul @ a8 L el gl Cod e

J,\Juuiiujﬁlﬁ),@@u,fwu:sjgtg;;;;;;,sgﬂmijb.agém)éuuﬂ:uwﬂwl}gﬁ—w;k

Table 2. Analysis of variance of faba bean growth indices and the pea aphid population under drought stress and mycorrhiza treatments (first year).

Variable Factor Sum of squares DF Mean square F P
Cultivar 0.896 1 0.896 0.015 0.903
Drought stress 27.373 2 13.686 0.231 0.795
Mycorrhizae 2.081 1 2.081 0.035 0.853
Plant height Drought stressx Mycorrhizae 359.211 2 179.605 3.028 0.063
Cultivarx Mycorrhizae 43.325 1 43.325 0.730 0.399
Drought stressx Cultivar 20.631 2 10.315 0.174 0.841
Drought stressx Cultivarx Mycorrhizae 199.155 2 99.578 1.679 0.203
Cultivar 59.816 1 59.816 2.855 0.099
Drought stress 47.329 2 23.664 1.141 0.332
Mycorrhizae 18.178 1 18.178 0.877 0.356
Leaf area Drought stressx Mycorrhizae 209.968 2 104.984 5.064 0.013
Cultivarx Mycorrhizae 6.472 1 6.472 0312 0.580
Drought stressx Cultivar 33.357 2 16.678 0.804 0.456
Drought stressx Cultivarx Mycorrhizae 246.912 2 123.456 5.955 0.006
Cultivar 3.268 1 3.268 1.150 0.292
Drought stress 4.402 2 2.201 0.774 0.470
Mycorrhizae 0.774 1 0.774 0.272 0.605
Wet plant weight Drought stressx Mycorrhizae 27.711 2 13.855 4.875 0.014
Cultivarx Mycorrhizae 2319 1 2319 0.816 0.373
Drought stressx Cultivar 0.044 2 0.022 0.008 0.992
Drought stressx Cultivarx Mycorrhizae 10.127 2 5.064 1.782 0.185
Cultivar 8683.921 1 8683.921 0.130 0.721
Drought stress 88631.124 2 44315.562 0.665 0.522
Total number Mycorrhizae . 45415.709 1 45415.709 0.681 0.416
of aphids Drought stressx Mycorrhizae 238266.627 2 119133.313 1.787 0.184
Cultivarx Mycorrhizae 212667.563 1 21267.563 3.189 0.084
Drought stressx Cultivar 108052.404 2 54026.202 0.810 0.454
Drought stressx Cultivarx Mycorrhizae 22075.444 2 11037.722 0.166 0.848
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Table 3. Analysis of variance of faba bean growth indices and the pea aphid population under drought stress and mycorrhiza treatments (second year).

Variable Factor Sum of squares DF Mean square F P
Cultivar 65.382 1 65.382 1.123 0.292
Drought stress 518.798 2 259.399 4455 0.014
Mycorrhizae 3.351 1 3.351 0.058 0.811
Plant height Drought stressx Mycorrhizae 77.585 2 38.793 0.666 0.516
Cultivarx Mycorrhizae 14.708 1 14.708 0.253 0.616
Drought stressx Cultivar 32.786 2 16.393 0.282 0.755
Drought stressx Cultivarx Mycorrhizae 213.647 2 106.823 1.834 0.166
Cultivar 12.242 1 12.242 1.821 0.181
Drought stress 68.393 2 34.196 5.078 0.008
Number of Mycorrhizae . 0.007 1 0.007 0.001 0.974
leaves Drought stressx Mycorrhizae 5.288 2 2.644 0.393 0.676
Cultivarx Mycorrhizae 10.140 1 10.140 1.508 0.223
Drought stressx Cultivar 1.328 2 0.664 0.099 0.906
Drought stressx Cultivarx Mycorrhizae 31.308 2 15.654 2.328 0.103
Cultivar 17.599 1 17.599 1.375 0.244
Drought stress 22.782 2 11.391 0.890 0414
Mycorrhizae 24.103 1 24.103 1.883 0.173
Leaf area Drought stressx Mycorrhizae 53.478 2 26.793 2.089 0.130
Cultivarx Mycorrhizae 11.908 1 11.908 0.930 0.337
Drought stressx Cultivar 7.352 2 3.676 0.287 0.751
Drought stressx Cultivarx Mycorrhizae 10.985 2 5.493 0.429 0.652
Cultivar 1.621 1 1.621 0.830 0.365
Drought stress 7.178 2 3.589 1.839 0.165
Wet plant Mycorrhizae . 0.852 1 0.852 0.436 0.511
weight Drought stressx Mycorrhizae 4.177 2 2.089 1.070 0.347
Cultivarx Mycorrhizae 2.256 1 2.256 1.156 0.285
Drought stressx Cultivar 3.687 2 1.843 0.944 0.393
Drought stressx Cultivarx Mycorrhizae 9.287 2 4.644 2.379 0.098
Cultivar 0.001 1 0.001 0.006 0.938
Drought stress 1.623 2 0.812 4.302 0.016
Total number Mycorrhizae . 0.255 1 0.255 1.352 0.248
of aphids Drought stressx Mycorrhizae 0.334 2 0.167 0.885 0.416
Cultivarx Mycorrhizae 0.247 1 0.247 1.307 0.256
Drought stressx Cultivar 0.611 2 0.305 1.618 0.204
Drought stressx Cultivarx Mycorrhizae 0.265 2 0.133 0.703 0.498
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defined are listed in Table 1
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Table 4. Analysis of chi squared — pearson of the pea aphid mortality

under drought stress and mycorrhiza treatments

Pearson chi-

Life stage DF P
square

First instar 6.886 7 0.441

Second instar 31.627 7 0.000

Third instar 18.900 7 0.009

Fourth instar 17.956 7 0.012

Total time of nymphal stage 37.173 7 0.000
Total life span 23.799 7 0.001
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lifespan of the pea aphid under the applied treatments on the bean
plant. The treatment numbers defined are listed in Table 1
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