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Introduction

Increasing the quality of food grains is one of the goals of sustainable agriculture. Mung bean (Vigna radiata
L.) is one of the most important legume crops cultivated on more than 6 million hectares worldwide. There are
few studies on the effect of mealworm frass application and its effectiveness on plant growth and yield. On the
other hand, given the soil and climatic conditions of Iran, its high potential in legume production, and its economic
justification, it seems necessary to pay attention to feeding mung beans with organic fertilizers. The cultivation of
mung bean is increasingly developing in Iran, and its use for food and medicinal purposes is also increasing.
Therefore, considering the possible positive effect of mealworm frass and zinc fertilizer on the growth of this plant,
the present study was conducted to investigate the effect of these fertilizers on growth, yield indices, and the molar
ratio of phytic acid to zinc in the seeds.

Materials and Methods

In this study, an experiment was conducted as a factorial experiment in a randomized complete block design
with three replications. The aim was to investigate the effect of different levels of mealworm frass and zinc
lignosulfonate foliar application on growth characteristics, yield, zinc concentration, the molar ratio of phytic acid
to zinc, and some biochemical factors of mung bean seeds. The treatments included four levels of mealworm frass
(0, 500, 1000 and 1500 kg ha*) and three levels of zinc foliar application during the flowering period (foliar
application with irrigation water as a control and foliar application with concentrations of 2.5 and 5 g L™ of zinc
lignosulfonate). Growth and yield indices including plant height, number of secondary stems, number of pods per
plant, number of seeds per pod, pod length, and seed yield were measured. Also, some biochemical properties such
as molar ratio of phytic acid to zinc, flavones, total flavonoids, total phenols, tannin concentration and percentage
of antioxidant activity were measured. Nitrogen, phosphorus and potassium of mung bean seeds were also
measured.

Results and Discussion

The results showed that the simple effect of mealworm frass was significant for all measured traits except the
number of secondary stems, pod length, and number of seeds per pod. The simple effect of zinc lignosulfonate
was significant for all measured traits except the number of secondary stems, pod length, number of seeds per pod
and total phenol concentration, and seed tannin. The interaction effect of mealworm frass and zinc lignosulfonate
for all measured traits except pod length and number of seeds per pod was significant. The highest grain yield
(115.2 g m2) was related to the treatment of 1500 kg of mealworm frass and 5 ppt zinc lignosulfonate foliar spray,
which was in the same group as the treatment of 1500 kg mealworm frass with 0 and 2.5 g L zinc foliar spray,
and the treatment of 1000 kg mealworm frass and 5 g L™* zinc foliar spray. While the lowest amount (80.1 g m2)
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was observed in the control treatment. The highest plant height (37.05 cm) was measured in the treatment of 500
kg mealworm frass with zero zinc application, and the lowest stem length (24.68 cm) was observed in the treatment
of 500 kg of mealworm frass with the application of 5 g L zinc. The highest molar ratio of phytic acid to zinc
(30.8) was observed in the treatment of 500 kg of mealworm frass and no foliar application of zinc lignosulfonate,
which was not significantly different from the treatments of 0 kg of mealworm frass and 0 and 2.5 g L™ of zinc
lignosulfonate application. While the lowest ratio (24.1) was observed in the treatment of 0 kg of mealworm frass
and 5 g L zinc lignosulfonate application, which was not significantly different compared to the treatment of
1500 kg of mealworm frass and 2.5 and 5 g L™* of zinc lignosulfonate application. Foliar application of zinc reduced
the molar ratio of phytic acid to zinc in the grain (maximum 21%), and application of mealworm frass increased
this ratio up to 500 kg and then decreased it. Based on the results of this study, the application of 1000 kg of
mealworm frass without zinc application was more effective in increasing the concentration of flavonoids and
antioxidant activity. However, zinc foliar application was effective in increasing the concentration of phenolic
compounds and tannin. The highest antioxidant activity (72.44%) was observed in the treatment of 1000 kg of
mealworm frass without foliar application of zinc, and the lowest (58.18%) was measured in the treatment of 1500
kg of mealworm frass and application of 2.5 g L zinc lignosulfonate, followed by treatments of 500 kg of
mealworm frass without foliar application of zinc lignosulfonate and foliar application of 2.5 g L zinc
lignosulfonate. Zinc foliar spraying was effective in increasing the concentration of phenolic compounds and
tannin content. Foliar application of zinc lignosulfonate increased the zinc and nitrogen content of the grain but
had no effect on the phosphorus and potassium concentrations. Application of mealworm frass increased the
nitrogen, phosphorus, and potassium content of the mung bean grain but simultaneously reduced the zinc
concentration.

Conclusion

In general, the results of this study showed that the use of mealworm frass increased mung bean grain yield,
and foliar spraying of zinc lignosulfonate increased the grain zinc concentration and reduced the molar ratio of
phytic acid to zinc. Overall, the use of mealworm frass increased the yield, and the use of zinc lignosulfonate
improved the grain quality.
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1- Catechin
2- Folin Ciocalteu Sigma-Aldrich
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Table 1- Physicochemical characteristics and some nutritional elements in the soil cultivated with mung bean plant

Byl S0 S0l ol S gldl Cugb, O G ool BBy oaliie! 8 ety
Soil pH EC dS m? Saturated soil moisture % N % P mg kg K mg kg
7.62 32 0.038 8.24 227
oy Sl o SE el I 3150 Jolee paandls’ 5l ,S
Sand % Silt % Clay % Soil texture OM % CaCOs %
52 18 loam 0.42 23

oS lowdgn GBSy 9 Wby S s ld p gy (Mbslom 9 o5k 395 Wit Zabaw Sl (Ola o (1Sle) uilly LT -Y Jgoa

b

Table 2- Analysis of variance (mean squares) of the effect of different mealworm frass content and zinc foliar application on
growth and yield characteristics of mung bean (Vigna radiata)

kS o &35l an o aBlw 3laxs Wlw Job Y dlaxs SYE Job B R I T J
Source of vériance Shoot Shoot Pod Pod length Number of i
Df number length number 9 seed per pod  Seed yield
<
o* 2 0.16 2.44 121.69 0.66 0.83 420.36
Block
sk 255 3 0.06ns  16.52* 746.32% 0.12ns 0.12ns 2421.48%*
Mealworm Frass
Zﬁr?c 2 0.44ns 23.41** 914.03** 0.17ns 0.34ns 1362.93*
S9%p ke 355_ 6 1.93** 76.28** 2934.59** 0.29ns 0.94ns 5310.22**
Mealworm*Zinc
) . JS 25539 . b L
e J5gdle g oMo " Js s O ol ) oo i
Ol ke Total ; st &9
- Flavone and ; Total Tannin o : Phy
Source of variance flavonoid Antioxidant Zinc :
flavonol phenol content e acid/Zn
activity
S
* 0.01 0.07 421 0.47 3.478 3.74 97.23
Block
poske 355 2.15** 1.98** 23.42** 4.74** 110.20** 18.93* 475.21**
Mealworm Frass
Zdir?:c 0.54** 1.23** 1.98ns 1.18ns 60.34** 28.31** 884.73**
Sa¥ehe 35 . 0.52** 1.76** 23.14** 4.32%* 57.23** 56.48** 1624.59**
Mealworm *Zinc
e g DI -l el
Source of variance Nitrogen Phosphoeous Potassium
Ssb
: A1 .02 .01
Block 0.18 0.0 0.0
piske 355 1.92** 1.81** 1.52**
Mealworm Frass
<9 0.48%* 0.71%* 0.98ns
Zinc
Sartpygke 395
0.59** 0.76** 0.44**
Mealworm *Zinc
(P gme pias 5 doyd N o)d O Jlais ] e (0 )b Sixe Sy NS g s e
*, ** ns: Significant at 5% and 1% probability level and no significant, respectively.
Ot oS 2l L s (Y Jods) dgr by e il oo aaly g Slas

pRAS VO o o bgye (mye o 53 )5 VIOIY) &l Jgaca

2 oo lize 5 ook Sl 48 gl olel



VFef o070 oy)lod ¥R ul> (S gl w5 YOF

Lad g2 gds g Lagy 938
ol 2 byl blie g ool b gme 3l snadlis zols
«$9) 9 prgkee 385 Jlie Il pwyp o (V Jgin) 29 i
pagke 395 3,0)18 pae) anlis Jlos 13 (p)5 e +JAY) 30 o it

395 PSS Ve e sled )3 (p)S e +/+0) Bline (oS 9 (9 5

(7 Jgiz) cudls )18 09,5 <S4 13 poke £S5k

130 -
120 1
110
100
90
80
70
60

O zeroZn

d

de de

AU

Grain Yeild (g/m?)

O 25 Zn

de bc

B 5Zn

< 392 (59) ClgdlgwsiS (b Jglne i) 3 )5 B g pyske 398
Bl 518 09,5 S 53 pyglie 355 )Tk VB e slajlo ol L
5 pagke 355 PSS o Jlos 3 (pS ANY) lie ieS
S cuwl S5 pi¥ () JSE) 45 odalin g9y Hho (Bl sl
5 3PS YIB (o3l Jskoxe 5 pyske 3957 (19 slewd 9 e il o
bl 32y (sylel s (gl gne M g9y Slgilgu K]

() Js)

ab ab ab 2

bc

500
piske

1000 1500

S

Mealworm fertilizer

(Vigna radiata) juw (wile oL aild Jamasme 3 69y (b gl 9 0 5l 395 clliSes p3lio Jliie ,51-Y JSUS
Figure 1- Interaction effect of different mealworm level and zinc spraying on grain yeild of Mung bean seed (Vigna radiata)
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Table 3- Mean comparison of interaction effect of different mealworm level and zinc spraying on some growth and
biochemical factors properties of Mung bean plant (Vigna radiata)

3laxs | il 2 50 AL dlaas Joiod g o35l S sieisdle 5
el s el 2 a8 . KW uly ol
,:s:s LRt e P iy ¥9Y 9 09 299 o Ol
s .
9 9 Shoot Length of main Pod number per Flavone and Total_ Tannin content
Factor Factor number shoot) plant flavanol flavonoid
T
A B - (cm) - (mg quercetin g DW) (mg caDt\eA(;;nn g
Ck CK 4.22bc 30.19b-e 11de 0.82a 2.5%b 7. 44abc
25 5.30abc 28.01de 26bc 0.66b 0.91e 6.31bcd
5 5.43abc 30.80abc 24hcd 0.65b 1.03e 9.05a
500 CK 4.80bc 37.05a 32ab 0.55bc 1.64cde 5.46¢d
25 5.63ab 34.03a-d 2la 0.64b 2.72ab 5.73bcd
5 4.37bc 24. 68e 18de 0.66b 2.63ab 7.17a-d
1000 CK 4.12¢ 26.37¢ 3lab 0.63b 3.28a 7.78ab
25 5.68abc 27.13e 15b-e 0.15c¢d 2.25bcd 7.57ab
5 5.45abc 34.73abc 31b 0.05d 2.25bcd 6.21bcd
1500 CK 6.49 36.20ab 33ab 0.09d 2.29hc 6.11bcd
25 4.60bc 29.69cde 13cd 0.16¢d 2.62ab 5.34cd
5 4.79bc 30.18b-e 41a 0.07d 1.38de 5.16d

(4003) ‘CK (32 2 p)5) 595 (o3 slome 193 1551 (S 2 )T 5LS) pyghee 55 1 S5l )58
Azt (P<0.05) Sl (yg0j @ dogi b polie ko o HId cize ©glis odimd L oy b Loy (glmodly y3 cuglite gy
Factor A: Mealworm fertilizer (kg ** he), Factor B: zinc foliar application (per thousand), CK: Control, DW: dry weight
Means followed by the different letters in each column and row in relation each factor is significantly different at 5% probability level using
Duncan test.
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Table 4- The effect of different mealworm concentration and zinc spraying on some biochemical factors and nutrient
elements of Mung bean

» » I8 8 s 5 SlaSlleded  ailb gy, ab e Abshed 4l ety
Jsl 5 £y 958 Total phenol Antioxidant activity Zinc Nitrogen Phosphorous  Potassium
Factor A Factor B (mg gallic acid g** DW) (D) e, (mE K DW) cevveererrnrnrereennenennns
Ck CK 15.01cd 66.63a-d 27. 44bc 3120cd 379c 579bc
25 12.36d 69.11abc 26.41bc 3322bcd 382bc 582bc
5 15.62bcd 71.24ab 39.85a 3365bcd 388bc 588bc
500 CK 12.41d 59.99d 25.46bcd 3502abcd 384bc 594bc
25 19.91a 58.59d 25.73bcd 3685abc 390b 590bc
5 20.72a 65.17a-d 36.47ab 3553abc 391b 591bc
1000 CK 19.31ab 72.44a 22.71cd 3712abc 394b 604ab
25 17.98abc 62.44bcd 27.57bc 3822ab 392b 632a
5 16.50a-d 60.81cd 32.31ab 3771abc 410ab 611ab
1500 CK 18.81abc 64.65a-d 20.22cd 3721abc 410ab 610ab
25 18.44abc 58.18d 25.34bcd 3862ab 408ab 601ab
5 13.88cd 64.50a-d 31.26bc 3832ab 412a 612ab

(1215) CK (l32,2) s3) il 239 5556 5o 12 p,55kS) pygee 255 151 558
A (P<0.05) Sl (905l 0 dngi b podlie uSilo w15 cixe oglis okt s oy by Laspe (slmodly )3 cglie Lig >

Factor A: Mealworm fertilizer (kg ** he), Factor B: zinc foliar application (per thousand), CK: Control, DW: dry weight

Means followed by the different letters in each column and row in relation each factor is significantly different at 5% probability level using
Duncan test.
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Figure 2- Interaction effect of different mealworm level and zinc spraying on molar ration of phytic acid to zinc in mung bean
(Vigna radiata) seed
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