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Background and Objectives: Low temperature has a major influence on
survival and geographical distribution of plants and as an important
environmental factor, it affects plant productivity. Physalis (Physalis
peruviana L.) belongs to the Solanaceae family and is a tropical and
subtropical plant that is affected by low temperatures at beginning and end
of the growing season. These fruits are highly beneficial to human health
due to their nutritional and bioactive compounds (antioxidants, vitamins A,
B, C, E and K1, flavonoids and carotenoids), so it has gained attention for
cultivation worldwide. Amino acids (L-Phenylalanine and cysteine) or
selenium play important roles in plant resistance to low temperature.
However, the role of L-phenylalanine (Phe) and cysteine (Cys) or selenium
(Se) in regulating chilling tolerance and improve fruit quality of physalis is
still unknown. In this study, the effects of Phe, Cys and Se on quality and
antioxidant capacity of physalis fruit under low-temperature stress were
investigated.

Materials and Methods: The experiment was conducted in a randomized
complete block design with three replicates. The seeds of physalis
(Physalis peruviana L.) were sown in seedling trays containing peat moss
under optimal conditions of 25+2 °C during the day and 20+2 °C at night.
Different concentrations of L-phenylalanine (0.75, 1.5, and 2.5 mM, Phe),
L-cysteine (0.25, 0.5, and 0.75 mM, Cys), or sodium selenate (0.25, 0.5,
and 1 mg L™, Se) were sprayed on the seedlings at the 4-5th true leaf stage.
Distilled water was used as the control treatment. To induce chilling stress,
plants with the basically same growth were transferred to a 4 °C climate
chamber for 48 hours. The control group was grown under optimal
conditions. After applying the chilling stress, the plants were returned to
optimal growth conditions for 24 hours. Plants transplanted to the field and
foliar sprayed three times (growth stage, flowering and fruit set stages)
with amino acids and Se. After exposed plants to autumn chilling, fruits
harvested during calix and fruit color change from green to orange stage,
and plant height, yield and the quality characteristics of the fruit including
carotenoid content, membrane stability index, titratable acidity, phenolic
compounds and antioxidant activity were evaluated.

Results: The results showed that low temperature stress significantly
decreased fruit yield, carotenoids content and membrane stability index
(MSI), and increased titratable acidity, phenols and flavonoids content and
phenylalanine ammonia-lyase (PAL), superoxide dismutase (SOD),
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peroxidase (POD) and catalase (CAT) activities. Foliar spray of Physalis
plants with Phe, Cys and Se under cold stress significantly increased plant
height, fruit yield, antioxidant enzymes activity, MSI, carotenoids, phenolic
compound and TA. The highest value of MSI (38.46 and 36.1) was
obtained in fruit of plants treated with Se 0.25 and 0.5 mg L™ under low
temperature condition. The maximum phenol content (8.08 and 7.83 mg L)
of fruit was observed with application of Phe 0.75 mM and Cys 0.25 mM
in plants exposed to cold stress. Also, the highest antioxidant capacity was
obtained in plant fruits treated with Phe 0.75 and 1.5 mM (60.8%), Cys
0.25 mM (60.26%) and Se 0.5 mg L™, respectively under low temperature
condition, and the lowest antioxidant capacity (50.5%) was observed in
control plant fruits.

Conclusion: The results of research showed that the foliar application of
Phe, Cys or Se treatments, especially the levels of Phe 0.75 and 1.5 mM
and Se 0.5 mg L™ during seedling and field growing periods caused a
significant increase in fruit yield, also increased the activity of antioxidant
enzymes, phenolic compounds and the membrane stability index of fruits
exposed to autumn cold and led to improvement of fruit quality.

Cite this article: Rabiei, Vali, Akbari, Arezoo, Barzegar, Taher. 2024. The effect of low temperature on
fruit yield, quality and antioxidant properties of physalis under foliar spray of amino acids
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Table 1. Physical and chemical properties of the Experiment soil.
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Table 2. Mean-long meteorological parameters of Zanjan Synoptic station during of physalis growing (2021).
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Fig. 1. Daily minimum temperature from 1% to 10" November, 2021.
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Fig. 2. Physalis plants in field (A) and fruits at harvest stage (B).

LIMSD Je slie oolul el 5 4
Lo ailwe Loy Sgod ) aaly 3l eslad

.(14)

MSI = (1- EC1/EC2) x 100 ™)

oo e IS del (g Seslul ) hen

235 a8 eslital Sy de e b O gl 25
(Y0) 03 5 Cf Jpas dnSsods o Culg
IS Aol Ao Dpen S Al Sl

Ao S il 5 adal
(4e33) O ol 25 LB Al = [EXNXSXF/C] x 100 ()

e i N Qlisyge el VI ST E 0T 5 &S
deS 55 deh s 5lEe S oS 55 dep s e
sl C (NaOH 56 F () ) s G s
) o5las
Sl VI sl el i ol
Sl Al Al ke 0 Loge 3L 51 S (PAL)
bl ui*" o Ol 53 Ve o) R
a3 ol les o adds s 5 VY s ol
aalsl 53 s 5sat mle adds Ve e 4 ol S Sl

L).} LF»’JJc)L"c )‘ )::jgl':" v/0 CJ:\«S‘} rL>u‘ LS‘J"

1- Membrane stability index

O«

gLl iy s 0Lk s talis)) 3, Oliw
N € A Slogs 5 el s G
e oz 50 Shes 5 A S 58 Sl
Al SIS 3 0 S LS

SheS 0 Kl sl i gl n
soleas Ad sdule Lo s Av O gul b6 g 030 L
V0 ke s 5 423 3 593 00 v Loedel s 4
ssbdsy Jslms ol Ol A 55 Sl adds
Monaco Safas ) s s 5 2ol olKiws 31 eslizal L
Slp el EAY 50V slagse sk 5o (232 RS
2ol chle culg s Al ekl ASySlS
ol Sl eslinad b 5055 0 8 Ve e S Joe
OA) 2 3 a5

M)

A 435S = [7.6 (A480) — 1.49 (A510)]xV/Wx1000

@6 o= Voens g Jb clr AT s
3l S5y Woes A ol s by JS
odd sl
23 slis ol parls Sl sk
ol e 5 (ECp) Sl Culia o
oKy L Odd 3w 5l L 0T (ECy) S Sl

il (s s MetroRm LG p Jle) enizslin



Ol 9 (ay (Jo /e polg 9 ol 3 Shos 1 by Slod ]

/ DPPH _ix X 100 )

S| ol cdles = DPPH Ll — & 5ed ol

Shestizal b b3l cpl 5l ol sbaesls 5JUT

Gob S esls Siks aslie 5 SAS, VO 551, 5

Aoys 0 Jleml ehawr 3 oSSl (glasals i O ge
RO plxs!

Sl 0L sy ol ) Jeol il 2 Shes
Ol 2 ek 5 et eV e slasles
b b e Aoy S dlel e s Shes
Yo/t rals Gl owb gl i (Y Jsas)
LBl el SLalS b alis 53 050 3 Sas (g
eSS VOOAN) 5 Shee Jlis 5 i A Lo e
Ao p Sk /0 psile Sl s (OSs o
Slasles sl b ol ime Dl oS el Cosa,
S Jole i (IS5 S 20 s
S8 o e 8B e olg 3 Shee 5 A5
b jonze () (p fodiSssdoms Sl (So les 15 &S
K2, el (YY) Oen 5 ok (T
S Col Ko sy y Ll CUiS Gl de &S
5 Sl ) gles SUlas 5y, Ly Sl &
AU 5 ) 0 b s s ) (g gleo
o3> JalS 1) CudS 5 IS 5 Ses i 55 5 ol
S As 58 (YY) s, e sl OS2
O3 550 V0 50) (b slacBle s p sk s )
5 Ady g e Sl (S S AS
S35 4 gy 5 ST ST LS 5
« (Allium sativum L) (¢, OLLS .(YA)
A wsode LS A e Dl s
oIl Ao VYD VL s Shes ( Jds IS hale
AYQ) wsls Olis wals & s (055 5> Slas s

o)

033381 b alg 3 W asy Gl A G s s
Sk 0 T S WIS
ool S oo 4 Ve e Yo J:JYTJ:.J
o 38 58S Sl 4 YV 6 8 O el
Al he 20 5STy el g ol sl
2 A8 Bl s 4 Jbp 0 S ls
s oedd S el YAr sl Ol Sulg
(Y1) a5 5 ol U mg™ protein .l

AL B 085 S el slas wg oy
Vo Ol ol sl B e a3 6 g
lad gl A sdsles Osla 53 (PH=V) Ve L
s WY Laids Yo e o 0 S Sl e
5 il JI;G:JL.N o sl gl o aads s
LSl il Sl e gl s
Jsb 55 S5 5l da sdel s 4 sliel G pans
56 ﬁjﬂ Sl s S el 0 2 g
FesbTE mse Ik 5o HiOp Gl el 5 b
S s 4 eS| T Sl s S s
Sl AV mae Jsb g s A bl LI
YY) s JUs aids ¥ e

LSSy s el S5 d (sl
Glp el sty IS s g5 G e I eslinud
SUE el 51 sl o 03,50 cs w
laojlae S Js Ol colg oo s eslandd
Oy 5035 e 8 V00 5o SIB il p 3 e olid
oo b bejlas A0 Ol (YY) w5 S
L sl Ol o (o, Soslll (YE) 2K,
Sk bl kel s 5l eslind
S GBS s bl 505 e S 03 eSS

S 3l St BT e (6 Seslul ol
Jobder S Jed oo 3Ll Jsly Jles s
ST JGsly lee dsys ol eslissl (DPPH)

(Y0) el s 4 5 bl 51 s 5a3 DPPH



VLYY D)low:} ¥ 2,93 cuhlg‘f ..\..»‘.]93 duuubsf 4.1).»0'

a)‘éwj'z.wf.é C,&J.w ﬂ‘f‘@)ﬁ}m rv\&\ J}}.- CLL’«’J BE) <Y~~\) Qb&q.a 9 L::-J..,;
() 555 Lol Slad OLLS 53 5 Slas [l oS Ls S

nl Bles G5 Lo 03 piuty Sy 8 0ge S DMid p pgen 5 s (VT S 1 il 4525 Y g
Table 3. VVariance analysis of the effect of phenylalanine, cysteine and selenium on quality characteristics of
fruit under low-temperature stress.
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Fig. 3. Effect of phenylalanine (Phe), cysteine (Cys), and selenium (Se) treatments on yield of Physalis fruit
under low-temperature stress. Similar letters indicate non-significance at 5% probability level.
Control: Plants grown under optimal condition, Control-Ci: Control plants exposed to low-temperature stress.
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Physalis fruit under low-temperature stress. Similar letters indicate non-significance at 5% probability level.
Control: Plants grown under optimal condition, Control-Ci: Control Plants exposed to low-temperature stress.
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(MSI) of Physalis fruit under low-temperature stress. Similar letters indicate non-significance at 5% probability
level. Control: Plants grown under optimal condition, Control-Ci: Control Plants exposed to low-temperature stress.
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Fig. 7. Effect of phenylalanine (Phe), cysteine (Cys), and selenium (Se) treatments on titratable acidity (TA) of
Physalis fruit under low-temperature stress. Similar letters indicate non-significance at 5% probability level.
Control: Plants grown under optimal condition, Control-Ci: Control Plants exposed to low-temperature stress.
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Table 4. VVariance analysis of effect of phenylalanine, cysteine, and selenium on phenolic compound and
antioxidant activity of Cape gooseberry fruit under low- temperature stress.
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Fig. 8. Effect of phenylalanine (Phe), cysteine (Cys), and selenium (Se) treatments on phenylalanine ammonia-
lyase (PAL), superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) activities physalis fruit under
low-temperature stress. Similar letters indicate non-significance at 5% probability level. Control: Plants
grown under optimal condition, Control-Ci: Control Plants exposed to low-temperature stress.
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Fig. 9. Effect of phenylalanine (Phe), cysteine (Cys), and selenium (Se) treatments on phenol and flavonoid (B)
contents of Physalis fruit under low-temperature stress. Similar letters indicate non-significance at 5% probability
level. Control: Plants grown under optimal condition, Control-Ci: Control Plants exposed to low-temperature stress.
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Fig. 10. Effect of phenylalanine (Phe), cysteine (Cys), and selenium (Se) treatments on antioxidant activity
(DPPH) of Cape gooseberry fruit under low-temperature stress. Similar letters indicate non-significance at
5% probability level. Control: Plants grown under optimal condition, Control-Ci: Control Plants exposed to
low-temperature stress.
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