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ABSTRACT
Soil drenching with paclobutrazol @ 0.375 g a.i. m™ canopy diameter 60 days after bahar treatment to tissue
cuIturepIants|mprovedgasexchangeparameterswz ,photosynthetlcrate(P)atbothrowerlng(17 15umolm S

)andfrwtsetstages(ll 62umolm?s” )transplratlonrate(E)atbothrowermg(? 16mmolm?s™t)andfruitset
stages(4 27mmolm™s’ )stomatalconductance(g)atbothﬂowerlng(O 53molms™t)andfruitsetstages(0.28
) nghtotalchlorophylIcontentwasobservedduetosorIdrenchlngofpaclobutrazol@o 375ga.i.m’
lcanopydiameter60daysafterbahartreatmenttotissuecultureplantsatbothflowering(3.03mgg*)andfruitset
(2.00mgg *)stages.Foliarsprayofnitrobenzene@2.0mllitre *totissuecultureplantsimprovedgasexchange
parameters viz., photosynthetic rate (P, ) at both flowering(17.52 pmol m* s™) and fruit set (14.05 pumol m* s™)
stages.Whiletranspirationrate(E)washighintissuecultureplantsduetosoildrenchingofpaclobutrazol @
0.375ga.i.m‘canopydiameter45daysafterbahartreatmentatfloweringstage(8.01mmolm s H)whileatfruit set stage,
soil drenching of paclobutrazol @ 0.375 g a.i. m™ canopy diameter 60 days after bahar treatment to tissue
culture plants registered highest transpiration rate (E) (4.07 mmol m? s™). Highest stomatal conductance (Q)
(0,46 mol m? s) was observed due to foliar spray of nitrobenzene @ 2.0 ml litre™ to tissue culture plants at
flowerlng stage while at fruit set stage, the same chemical registered higher value (0.26 mol m? s™) in grafted
plants.Hightotalchlorophyllcontentwasobservedduetofoliarsprayofnitrobenzene@2.0mllitre'to  tissue  culture

molm?s”

plants at both flowering (3.07 mg g™) and fruit set stages (2.94 mg g™).

Keywords: Gasexchangeparameters,nitrobenzene,paclobutrazol,photosynthesis,pomegranate

INTRODUCTION

Sunlight is the primary source of energy for
photosynthesis, although air temperature and
humidity have an impact on transpiration.
Transpirationiscausedbythedryingpowerofthe
atmosphere, which depends on wind speed and
relative humidity, as well as the evaporative demand
fromnetradiationabsorbedbyleaves(Elanchezian et
al., 2015).By allowing CO, and water vapour to
pass into and out of the leaf, stomata play a
significant role in controlling transpiration and
photosynthesis(Mokhlesetal.,2019).According
toMonerrietal.(2011),stomatalaperturecontrol
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isinfluencedbystatevariables(suchasleafwater
potentialand intercellularcarbondioxide
concentration),the interactionof processes
(transpiration and photosynthetic rates), and
environmentalfactors(specifically,thedifference
in water vapour concentration between the leaf
surface and the bulk air).
Theamountofchlorophyllintheplant,together
withthephotosyntheticrate(P, ), transpiration(E),
stomatalconductance(g,),andotherfactors,all
affectthemetabolicactivityoftheplantandits
overallgrowthanddevelopment.Therehavebeen
extensivestudiesconductedonavarietyoffruit



crops, including mango, citrus, apple, sweet cherry,
etc. (Jones, 1992). In an experiment with olive,
Arun et al. (2017) looked at how plant growth
regulators affected gas exchange and chlorophyll
content.
Forthefirsttimeinpomegranate,studiesongas
exchange parameters—photosynthetic rate (P,),
transpiration(E),andstomatalconductance(g)—
aswellaschlorophyllcontentwerecarriedoutto
examine the metabolic activity of the plant using
chemicalslikemethyljasmonate,nitrobenzene,and
paclobutrazol at different concentrations.

MATERIALSANDMETHODS

Thecurrentstudywascarriedoutattheresearch
farm of ICAR-Indian Institute of Horticultural
Research(lIHR)inHesaraghatta,Bengaluruduring
the ambe bahar (January—February) and hastha
bahar (September—October) seasons of 2020 and
2021.Asnotedbefore,plantsweremultipliedfrom
threedifferentsources:airlayers(Ps),graftedplants
(P,), and tissue culture plants (P;). During Ambe
bahar, the average maximum and minimum
temperaturesof 33.08°C and 20.43°C, were
recordedrespectively,andtherelativehumiditywas
75.04 percent and 59.06 percent and the total
rainfallwas74.95mmof12.10mm,respectively.
During Hastha bahar, the average maximum and
minimum temperatures of 26.13°C and 18.94°C
were recorded respectively and relative humidity
of 59.06 percent and the total rainfall was 12.10
mm,respectively.Aten-treefactorialrandomized
blockstatisticaldesignwasemployed. Thestudy
included three distinct concentrations of MeJA
(MethylJasmonate),NB(Nitrobenzene),andone
concentrationofPBZ(Paclobutrazol)delivered 30

Chlorophylla=[12.7(Ag,)—2.69(A

[22.9(A,,5) —4.68 (Ag,)]

Totalchlorophyll=[20.2(A,;)+8.02(A,)]

Where,
A=Absorbanceatspecificwavelengths (645
nm and 663 nm)
V=Volumeoftheextract(10 ml)
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days,45days,or60daysafterthe ‘bahartreatment’.
Thetreatmentswereexpressedasfollowsaccording
totheconcentrationofacertaingrowthregulator: T,:
100 ppm MeJA, T,: 150 ppm MelJA, T, 200
ppmMeJA,T,:1.0mINB,T,:1.5mINB,T:2.0

ml NB, T Soil drenching of paclobutrazol @
0.375ga.i.m canopydiameter30daysafterbahar
treatment, Tg: Soil drenching of paclobutrazol @
0.375ga.i. m canopydiameter45daysafterbahar
treatment, Tq: Soil drenching of paclobutrazol @
0.375ga.i.m ™ canopydiameter60daysafterbahar
treatment, T,: Water spray.

Gasexchangeparameters

ThePortablePhotosynthesisSystem(LCpro+,
ADCBIoScientificLimited, UK)wasusedtoassess the
ratesof photosyntheticactivity Py,
transpiration (E), and stomatal conductance (g,).
Fullydevelopedleavesweremeasuredatleastthree
timesbetween9:30and11:30amwhiletheywere
exposed to ambient light and CO, levels.

Totalchlorophylicontent

Withtheaidofacetoneanddimethylsulphoxide
(DMSO), the complete chlorophyll content was
removed.AQ.1gleafsamplewasdissolvedin10 ml
of DMSO:Acetone reagent (1:1) and let to sit for
72  hoursin the dark. Usinga UV-VIS
spectrophotometer (T80+ UV/VIS spectrometer,
PGInstrumentLtd.,UK),theextractwascollected and
the absorbance measured at 663 nm and 645
nmforquantificationofchlorophylla,chlorophyll b,
and total chlorophyll. Additionally, using the
equationsputoutbyL ichtenthalerandBuschmann
(2001), the pigment contents were computed and
giveninmg g

s5)17000 % W aChlorophyll b =

A%

1000 x W x a
A%

1000 x W x a

W=Freshweightofthesample(100mg) a =
path length of light in cuvette (1 cm)
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Statisticalanalysis

The method of evaluating variance developed
byPanseandSukhatme(2005)wasusedtoanalyze
thedata. TheFvalueata5%levelofsignificance
wasusedtodeterminethestatisticalsignificance.
Criticaldifferenceswerecalculatedatthe0.05level  to
determine if there were any significant effects.

RESULTSANDDISCUSSION
Rateofphotosynthesis

Therateofphotosynthesis(P, )intissue-culture
plantswasconsiderablyimpactedbytheflowering
stage of ambe bahar and reached its peak (14.24
molm? s1inP(i.e.,intissue-cultureplants)(Table
1).Paclobutrazol,oneofthechemicals,produced
aP,0f14.71molms60d4ysafterthebahar
treatment(T),whichwascomparabletothose
obtainedfromthesametreatment45daysafterthe
bahar treatment (T ) (13.89 mol m? s') and
nitrobenzenel.5mllitre*(T)or2.0mllitre(T).
P,withpaclobutrazol45days(T;)or60days(T,)

afterthebahartreatmentregisteredcomparable
valuesofP,whereashighervaluesofP(15.46

-2-1 N
mol ms ) were recorded in grafted plants (P,)

sprayedwithnitrobenzene2.0m|Iitre‘l(T).TQese
differencesinPNwerealsosignificantbetweenthe
types of propagules and chemical combinations.
Incomparisontotissue-cultureplantsorgrafts, air
layers in ambe bahar displayed significantly
higherPvaluesatthefruitsetstage.Paclobutrazol
amongthechemicalsshowedequivalentvalues45
or 60 days after the bahar treatment, which were
considerablydifferentfromthoseobservedinthe
other treatments. In the combinations, air layers
treated with paclobutrazol 45 or 60 days after the
bahartreatmentorwithnitrobenzene2.0mllitre-
!produced outcomes that were equivalent and had
higher Pvalues than nitrobenzene 2.0 ml litre-
!sprayed grafted plants (P,) did. (Table 1)
AccordingtothedatainTablel,allofthe
propagulesatthefloweringstageofhasthabahar
varied significantly in terms of P, whose values
intissue-cultureplants(P)(14.33molms™*)and
in air layers were comparable but different from
those in the grafted plants. Nitrobenzene 2.0 ml
Iitre'l(T)Gwasoneofthecompoundsthatproduced
resultsthatwerenoticeablygreaterthanthosefrom
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the other treatments (16.40 mol m? s™). Tissue-
culture plants (P,) treated with paclobutrazol or
nitrobenzene2.0mllitre*60daysafterthebahar
treatment,orboth,reportedcomparableP,values
accordingtothepropaguleandchemicaltreatment
combination. During the fruit set stage in hastha
bahar,neitherthedifferenttypesofpropagulesnor
theircombinationswiththechemicalsshowedany
significantdifferencesintermsofP,.Amongthe
chemicals,nitrobenzene1.5mllitre *or2.0ml
litreIplant-*showedcomparablevaluesofP
significantlydifferentfromthoseseenwithanyof the
other chemical treatments. (Table 1)
Regardlessoftheformofpropaguleorseason, we
observed a higher rate of photosynthesis, i.e.
P,.duringtheinitialstage(floweringstage),which
graduallydeclinedatthefruitsetstage. Thehigher
ratewasmostlikelyduetotheplant’sreproductive
structures’increaseddemandforassimilates,which
isconsistentwithDrogoudietal.6(2012)find_in S
inpomegranate.Inthecurrentstu y,(P)waShlg
inallpropagulesduringfloweringandgradually
decreasedduringfruitset,owingtostrongsinks
suchasdevelopingfruits,whichdeplete
carbohydrates in the source, primarily leaves
(Mokhles etal., 2019). During flowering, increased
rates of photosynthesis were also observed in
mango(Laurentetal.2008).Increaseddemandfor
photosynthatesduringflowerinitiationandgrowth
(Wunsche et al., 2005) was reported to increase
photosynthesis rates in supporting leaves of a
branch in apples (Wahl et al., 2013), which was
also attributed to increased demand from sinks in
the form of developing flowers. Treatment with
PBZ couldalso haveresultedin a higher
photosyntheticrate. TreatmentwithPBZincreases
thechlorophyllcontentinwheatandpotato,which
isacrucialcomponentforphotosynthesis,andthis
may be one mechanism through which PBZ
improved photosynthesis in pomegranates (Kishore
etal.2006;Nouriyanietal.2012).Tissueculture
plantstreatedwithPBZ alsohad higher
transpiration rates and stomatal conductance.

Rateoftranspiration

Atthefloweringstageinambebahar,ascanbe seen
from the data presented in Table 2, plants
raisedfromdifferenttypesofpropagulesdiffered



€20C'C'ON6’'ION'dV2ININCI

18

Table 1:Rate of photosynthesis (umol m™s™) in pomegranate as influenced by different planting materials and chemicals

Floweringstage

Fruit-set stage

ambebahar hasthabahar ambebahar hasthabahar

PropagulesP, P, P, Mean P, P, P, Mean P, P, P, Mean P, P, P, Mean
T, 1276 1075 1081 1144 13,68 1338 12.67 13.24 959 936 11.07 1000 1025 1162 1245 11.30
T, 13.08 1132 1347 1262 1449 1296 1565 @ 14.36 9.72 947 1166 1028 11.01 1113 9.69 10.61
T, 13.32 1161 1376 12.89 1315 1407 1539 14.20 983 992 1145  10.40 943 1067 11.64 10.58
T, 1415 1403 913 1244 1386 1438 1425 14.16 874 1075 1151 10.03 1026 1229 1357 12.04
T, 1443 1483 1287 14.04 13.11 1395 1552 14.19 10.61 1253 10.53 10.48 1299 1341 13.79 13.39
T, 1450 1546 1241 1412 1752 1529 16.41 16.40 11.22 13.22 13.14 11.74 14.05 1543 14.64 14.71
T, 1510 1173 1140 1274 1430 1517 1397 1448 1132 9.85 1238 1145 11.09 1095 10.90 10.98
T, 16.09 12.69 1288 13.89 1494 1248 12.86 1343 11.37 1032 13.07 1227 1205 1165 9.03 10.91
T, 17.15 1316 1383 14.71 16.15 1398 12.04 14.06 11.62 10.61 13.77 12.87 9.48 11.74 11.33 10.85
T, 1182 1092 1132 1135 1210 1169 1173 1184 8.44  9.06 10.01 9.17 9.37 854 10.18 9.37
Mean 1424 1265 12.19 1433 13.73 14.05 10.24 1051  11.86 11.00 11.74 11.72

P T PxT P T  PxT P T PxT P T  PxT
SE(m) 0.19 0.36 0.62 0.16 030 052 012 0.23 0.39 0.26 047 0.82
C.D.5%) 056 1.03 1.78 0.47 086 149 035 0.65 112 N.S 135 NS
P1:tissue-culture plants;P2:graftedplants;P3:Airlayer plants
T1: Methyl jasmonate (MeJA) 100 ppm; T2: MeJA 150 ppm; T3: MeJA 200 ppm; T4: Nitrobenzene (NB) 1.0 ml I'; T5: NB 1.5 ml I}, T6:NB2.0mll™;

T7:paclobutrazol(PBZ)0.375gofactiveingredientpermetreofcanopydiameterapplied30daysafterthe‘bahar’treatment; T8:sameasT 7exceptapplied45 days after the

treatment; T9: same as T7 except applied 60 days after the treatment; T10: Control; sprayed with water after the ‘bahar’treatment

‘[e1auressnH
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Table 2: Rate of transpiration (mmol m2s™) in pomegranate as influenced by different planting materials and chemicals

Flowering stage

Fruit-setstage

ambebahar hasthabahar ambebahar hasthabahar

PropagulesP, P, P, Mean P, P, P, Mean P, P, P, Mean P, P, P, Mean
T, 6.52 457 2.50 453 3.83 489 439 5.10 370 395 2.96 3.65 2.68 289 318 2.91
T, 5.21 5.88 2.84 4.64 4.28 401 414 5.06 382 401 3.38 3.82 3.23 354 252 3.09
T, 4.66 5.91 2.98 451 4.56 391 452 5.21 384 413 3.48 3.93 2.89 283 276 2.83
T, 7.01 5.59 3.40 5.33 3.94 417 596 5.42 352 461 3.02 3.48 3.82 31 3.34 3.42
T, 6.45 5.67 3.58 5.23 4.70 6.71 590 5.54 357 510 3.26 3.44 3.27 349 354 3.43
T, 5.89 6.10 5.47 5.82 5.05 6.28  6.95 5.80 386 540 351 4.08 3.87 4.18 3.8 3.95
T, 7.16 6.55 3.51 5.74 4.54 507 438 5.93 392 402 3.99 4.29 3.48 366 3.01 3.38
T, 7.85 6.66 3.50 6.00 5.07 8.01 543 5.09 402 424 4.35 4.36 3.47 371 243 3.2
T, 8.01 7.16 3.52 6.23 541 7.62 4.80 551 4.27 431 4.59 4.37 4,07 3.61 3.26 3.65
T, 4.29 3.71 2.48 3.49 3.48 490 373 4.13 322 390 2.85 3.50 3.03 246 248 2.65
Mean 6.30 3.38 4.30 5.56 502 528 3.77 437 3.54 3.38 335 3.03

P T PxT P T  PxT P T PxT P T  PxT
SE(m) 0.10 0.18 0.31 0.10 018 032 0.07 0.13 0.23 0.10 018 0.32
C.D.(5%) 0.28 0.52 0.90 0.28 0.52 0.9 021 0.39 0.67 0.28 052 NS
P: tissue-cultureplants; P, :graftedplants;P :AirI%yer plants _ . . e
TiMethyIJasmonate(MeJA?lOOppm;T:Mej]AlS ppm;T:MeJASZOOppm;T:N|troben42ene(NB)1.0mII|tre ;T:NBl.Smllltrg ,T:NB2.0mllitre *; ]

T.: paclobutrazol (PBZ) 0.375 g of active ingredient per metre of canopy diameter applied 30 days after the ‘bahar’treatment; T,: same asT_except applied 45

days after the treatment; T,: same as T except applied 60 days after the treatment; T, : Control; sprayed with water after the ‘bahar’treatment

areue.BawodunusiuodjjAydolojyapuesialsweledabueyoxases
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Table 3: Stomatal conductance (mol m™s™) in pomegranate as influenced by different planting materials and chemicals

Flowering stage

Fruitsetstage

ambebahar hasthabahar ambebahar hasthabahar

PropagulesP, P, P, Mean P, P, P, Mean P, P, P, Mean P, P, P, Mean
T, 0.25 0.18 0.18 0.20 0.29 027 026 0.27 019 019 0.13 0.20 0.14 017 0.9 0.17
T, 0.27 0.23 0.21 0.23 0.25 031 024 0.26 024 021 0.14 0.23 0.14 016  0.17 0.15
T, 0.28 0.27 0.23 0.26 0.26 024 027 0.26 026 024 0.17 0.25 0.16 012 017 0.15
T, 0.34 0.30 0.25 0.30 0.23 031 033 0.29 021 028 0.18 0.21 0.17 016  0.17 0.16
T, 0.35 0.32 0.27 0.31 0.32 034 036 0.34 022 030 0.21 0.24 0.17 016  0.23 0.19
T, 0.37 0.34 0.28 0.33 0.46 040 038 041 023 032 0.22 0.24 0.24 026 0.26 0.25
T, 0.42 0.19 0.30 0.30 0.28 018 028 0.25 026 026 0.22 0.23 0.16 012 014 0.14
T, 0.44 0.20 0.31 0.32 0.31 025 026 0.27 026 027 0.25 0.24 0.19 015 013 0.16
T, 0.53 0.24 0.32 0.36 0.37 024 023 0.28 028 029 0.26 0.25 0.19 014 015 0.16
L 0.20 0.16 0.13 0.16 0.21 021 022 0.21 016 0.21 0.13 0.17 0.11 012 015 0.13
Mean 0.34 0.24 0.25 0.30 027 028 023 0.26 0.19 0.16 016  0.17

P T PxT P T PxT P T PxT P T PxT
SE(m) 0.01 0.01 0.03 0.08 0.01 002 0.07 0.01 0.02 0.07 0.01 0.02
C.D.(5%) 0.02 0.05 0.08 N.S 0.04 0.07 0.01 0.03 0.06 N.S 0.01 N.S
P :Tissue-culture plants;P :ﬂ)rafted plants;P_: Airlayerplants . e e
T*Methyljasmonate(MeJA)T00ppm; T:MeJA 150ppm: T:MeJA 200ppm;T:Nitrobenzene(NB)1.0mllitre '; T:NB1.5mllitre”’, T:NB2.0ml

lifre™ ;T;paclobutrazol(PBZ)OJ75gofactivelzngredientpermetreofg:anopydiameterapp1i46d3Odaysafterthe‘bahar’treatment; T,sasmeasTe>%ceptapplied7 °

45daysafter thetreatment; T ,same asT exceptapplied60 daysafter thetreatment, T

10°

Control; sprayedwith waterafterthe ‘bahar’treatment

‘[e1auressnH
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Table4: Totalchlorophyllcontent(mgg ™ freshleaves)inpomegranateasinfluencedbydifferentplantingmaterialsandchemicals

Floweringstage

Fruitsetstage

ambebahar hasthabahar ambebahar hasthabahar

PropagulesP; P, P, Mean P, P, P, Mean P, P, P, Mean P, P, P, Mean
T, 1.37 1.44 1.73 151 1.75 1.53 1.88 1.72 154 135 151 1.46 1.37 1.25 1.65 1.42
T, 1.66 1.58 1.95 1.73 1.86 1.72 152 1.70 1.60 1.26 1.60 1.48 1.65 1.49 1.29 1.47
T, 1.96 1.65 1.81 1.81 1.93 2.63 1.47 2.01 1.65 1.16 1.55 1.45 1.70 2.29 1.26 1.75
T, 2.36 194 1.83 2.04 2.82 284 212 2.59 1.68 1.43 1.67 1.59 2.55 2.58 1.58 2.23
T, 2.20 2.16 2.15 2.17 2.64 3.00 249 2.71 1.60 1.44 1.68 157 2.48 268 210 242
T, 217 2.23 2.35 2.25 3.07 324 275 3.02 191 1.54 1.69 1.71 2.94 295 206 2.65
T, 2.40 1.69 1.73 1.94 2.04 2.48 1.79 211 1.96 1.13 1.70 1.59 2.04 2.05 131 1.80
T, 2.62 1.77 1.60 1.99 2.32 2.07 2.45 2.28 1.97 1.19 1.80 1.65 1.96 1.77 1.19 1.64
T, 3.03 181 247 2.43 3.02 2.57 1.95 251 2.00 1.40 1.90 1.76 2.81 214 160 2.18
T, 1.64 1.19 1.27 1.36 1.59 157 152 1.56 1.26 0.92 1.43 1.20 1.42 1.30 1.10 1.27
Mean 2.14 1.74 1.89 2.30 2.36 1.99 172 128 1.65 2.09 205 151

P T PxT P T PxT P T PxT P T PxT
SE(m) 0.05 0.1 0.17 0.05 0.10 0.8 0.02 0.04 0.07 0.05 0.09 0.16
C.D.(5%) 0.15 0.28 0.49 0.16 0.3 0.52 006 0.12 N.S 0.14 026 045
P,: tissue-cultureplants;P.:graftedplants;P :Airlayer plants . . . .
TiMethyIJasmonate(Me.]l\? OOppm;T:MeZ]AlSOppm;T:MeJASZOOppm;T:N|troben42ene(NB)1.0mII|tre”1;T:NBl.5mII|tre5”1,T:NBZ.OmII|tre"1;

T,: paclobutrazol (PBZ) 0.375 g of active ingredient per metre of canopy diameter applied 30 days after the ‘bahar’treatment; T : same asT_except applied 45

days after the treatment; T,: same as T except applied 60 days after the treatment; T, : Control; sprayed with water after the ‘bahar’treatment

areue.BawodunusiuodjjAydolojyapuesialsweledabueyoxases



significantlyintheirrateoftranspiration(E;mmol m-
's1), with tissue-culture plants (P ) showing a
significantly higher rate (5.78 mmol m2s?) than
that shown by either of the other two propagules.
Amongthechemicals,paclobutrazol45daysor60
daysafterthebahartreatmentandnitrobenzene2.0
mllitre-showedcomparableratesoftranspiration. As
to the combinationsof propagulesand
chemicals, tissue-culture plants treated with
paclobutrazol irrespective of the time of its
application showed a higher rate of transpiration
than that seen in any of the other combinations.

Regardlessofwhenpaclobutrazolwasapplied,
grafted plants among the propagules and ambe
baharshowedhigherratesoftranspirationduring
fruitset,whereasamongthecombinations,grafted
plantssprayedwithnitrobenzeneat1.5mllitre™or
2.0 ml litre™ recorded higher rates than those in
any of the other combinations (Table 2).

The rate of transpirationvariedgreatly
according on the propagule at the blooming stage
in hastha bahar, with tissue-culture plants and air
layers  (Ps)displayingsignificantlyhigherratesthan
grafted plants. 45 days following the bahar
treatment, findingswiththe substances
nitrobenzene2.0mllitre*andpaclobutrazolwere
comparable.Incomparisontoothercombinations,
paclobutrazolgiventotissue-cultureplants45or
60 daysafterthe bahartreatmentcaused
transpiration rates to be higher (Table 2).

Duringfruitsetinhasthabahar,tissue-culture
plantsamongthepropagulesshowedsignificantly
higherratesoftranspirationthangraftsorairlayers.
Amongthechemicals,nitrobenzeneat1.5mllitre-
tor2.0mllitre-'showedcomparableresults.Asto the
combinations,noneof themdiffered
significantly from any of the rest in terms of the
rate of transpiration (Table 2).

Stomatalconductance

Stomatal conductance (g,) varied significantly
acrossthepropagulesatthebloomingstageinambe
bahar(Table 3), with tissue-cultureplants
exhibitinghigherg thanairlayersorgrafts.High
g, Whichwascomparabletoeitherofthetwodoses
ofnitrobenzene(1.5mllitre-*or2.0mllitre’t),was
observedinplantstreatedwithpaclobutrazol45or
60daysafterthebahartreatment.Paclobutrazol-
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treatedtissue-cultureplantsshowedhighgsamong

thecombinations60daysafterthebahartreatment.

Thepropagulesvariedgreatlythroughoutfruit
set in ambe bahar, with grafts displaying greater
valuesthaneithertissue-cultureplantsorairlayers.
Amongthecompounds,methyljasmonate150ppm
and paclobutrazol, regardless of the date of
administration, demonstrated noticeably higher
stomatalconductancethantheothertreatments.In
comparison to the other combinations, the one
containing nitrobenzene, regardless of dose, or
paclobutrazol60daysafterthebahartreatmentand
grafted plants displayed increasedstomatal
conductance (Table 3).

Grafts displayed greater values than either
tissue-cultureplantsorairlayersduringfruitsetin
ambe bahar, where propagules varied greatly in
termsofg..Paclobutrazol,regardlessofthedateit
wasapplied,andmethyljasmonate150ppmamong the
compounds had noticeably higher stomatal
conductivitythan the other treatments.The
combinationswithnitrobenzene,regardlessofdose,
orpaclobutrazol60daysafterthebahartreatment
andgraftedplantshadgreaterstomatalconductance
than the others (Table 3).

The propagules and the combinationsof
propagules and chemicals did not exhibit any
discernible variations in conductance during fruit
settinginhasthabahar.Butwhencomparedtothe
otherchemicaltreatments, nitrobenzene2.0mllitre™
displayed noticeably higher values (Table 3).

Plants treated with PBZ have also shown
increasedtranspirationratesinpreviousstudies.In
peonies,PBZapplicationincreasedphotosynthetic
rateandtranspirationratesignificantly(Xingetal.,
2018).Photosynthesis has been studied as a
significant limitation due to stomatal opening. In
peony, both transpirationrate and stomatal
conductancewerefoundtobehigherinPBZtreated
plantsthanincontrolplants,similartoourfindings.
Another research by Berova and Zlatev (2003)
whichshowedahightranspirationrateandstomatal
conductance after PBZ treatment was also in
agreementwithourfindings. Thismaybeexplained by
the fact that a large stomatal opening and
conductance are conducive to CO, entry into the
intracellular space, allowing PBZ to improve
photosynthesis.



Gasexchangeparametersandchlorophyllcontentinpomegranate

Totalchlorophylicontent

The datain Table 4 show thatall three
propagules significantly influenced the total
chlorophyllcontentofleavesatthefloweringstage
ofambebahar,withtissue-cultureplantsshowing
the highest levels (2.14 mg g*), which were
significantly higher than those in the other two
kinds of propagules. Paclobutrazol, applied 60 days
afterthebahartreatment,andnitrobenzene,applied
tol.5mllitre-*or2.0mllitre*plants,respectively,
bothreported chemical treatmentswith
significantlygreatertotalchlorophyllcontentsthan
any of the others. When compared to the other
combinations, tissue-culture plants treated with
paclobutrazol 45 or 60 days following the bahar
treatment displayed the highest levels of total
chlorophyll.

The total chlorophyll content of leaves varied
significantly between all propagules during fruit
setstageofambebahar;tissue-cultureplantshad the
highest levels (1.72 mg g), and the highest
chemicalconcentrationswerefoundfor
paclobutrazol 45 or 60 days after the bahar
treatment and nitrobenzene at 2.0 ml litre™.
However, none of the combinations really stood
out from the others (Table 4).

Atthefloweringstageinhasthabahar,eachof
thethreepropaguledifferedsignificantlyfromthe
othertwointermsofchlorophyllcontent,withthe
graftedplantsshowingthehighestlevels.Among the
chemicals, nitrobenzene at 2.0 ml litrelled to
significantly higher levels than those seen in any
of the other chemical treatments.The combinations
alsodifferedsignificantlyamongthemselves,with
thecombinationofnitrobenzeneatanyofthethree
dosesandgraftedplantsrecordingthehighestlevels of
chlorophyll (Table 4).

During fruit set in hastha bahar, both tissue-
cultureplantsand graftedplantsshowed
significantly higher levels of chlorophyll; among
the chemicals, significantly higher levels of
chlorophyll were seen in plants treated with
nitrobenzene at 2.0 ml litre* than those in any of
theothertreatments;amongthecombinations,that
ofgraftedplantsandnitrobenzene,whetherat1.0
mllitre-torl.5mllitreor2.0mllitret,recorded
thehighestlevelsoftotalchlorophyll,significantly
higherthanthoseinanyoftheothercombinations
(Table 4).
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Chlorophyllcontentwashighintissueculture
and grafted plants treated with paclobutrazol or
nitrobenzene at the flowering stage in both ambe
bahar and hastha bahar.

Chlorophyllplaysadualroleinphotosynthesis as
an essential componentof the primary
photosynthetic reaction. It captures light and also
actsasamediumforchargeseparationandelectron
transport caused by light (Zhao et al., 2011).
Paclobutrazol had an important impact on the
biosynthesis of chloroplast pigments.The increased
chlorophyll content in paclobutrazol-treated plants
may be due to reduced reactive oxygen damage
and improvements in carotenoids, ascorbate, and
ascorbate peroxidase levels. Plants treated with
paclobutrazol synthesized more cytokinin, which
enhanced chloroplastdifferentiationand
chlorophyllbiosynthesis,and prevented
chlorophyll degradation, according to Niveditha
DeviandSomasundaram(2012).Whencompared to
untreated controls,datasuggestedthat
Pomegranate plants treated with plant growth
regulators,especiallyPBZ,producedmorefruitand
had improved photosynthetic characteristics.

Conflictofinterest

The authors declare that the research was
conducted in the absence of any commercial or
financialrelationshipsthatcouldbeconstruedasa
potential conflict of interest.

REFERENCES:

Arun Kumar, Singh, R.P. and Sharma, N. 2017.
Influence of paclobutrazol and cycocel on
growth,fruitfulnessand  physiological
characteristics of Olive (Olea europea L.).
Plant Archives, 17: 83-88.

Berova, M. and Zlatev, V. 2003. Physiological
response of paclobutrazol-treated triticale
plants to water stress. Biol Plant.,46:133—
136.

Drogoudi, P, Pantelidis, G. and Manganaris,A.
2012. Morphological and physiological
characteristicsinpomegranatecultivarswith
different yields. Melgarejo P.(ed.),ValeroD.
(ed.). Il International Symposium on the
Pomegranate.OptionsMediterraneennes.
pp.67-69.



Elanchezian,R.,Haris,A.A.,Kumar,S.andSingh,
S.S. 2015. Positive impact of paclobutrazol
on gas exchange, chlorophyll fluorescence
and yield parameters under submergence
stress in rice. Indian Journal of Plant
Physiology, 105: 215-220.

Jones,HG. 1992. Stomatalcontrolof
photosynthesis and transpiration. J. EXxp.
Botany Vol. 49. pp.387-98.

KishoreKumar,A.,Jaleel,C.A.andManivannan,
P.2006.DifferentialEffectsofHexaconazole
and Paclobutrazolon the Foliage
Characteristicsof ChinesePotato
(Solenostemon  rotundifolius  Poir., J.K.
Morton). Acta Biologica Szegediensis, 50:
127-129.

Laurent,U.,LeRoux,X.,Sinoquet,H.,Jaffuel,S.
andJannoyer,M.2008.Abiochemicalmodel
ofphotosynthesisformangoleaves:Evidence
for the effect of fruit on photosynthetic
capacityofnearbyleaves.TreePhysiology, 5:
289-300.

Lichtenthaler, H.K. and Buschmann, C. 2001.
ChlorophyllsandCarotenoids:Measurement
and Characterizationby UV-VIS
Spectroscopy.In:  Wrolstad,R.E.,Acree, T.E.,
An, H., Decker, E.A., Penner, M.H., Reid,
D.S., Schwartz, S.J., Shoemaker, C.F. and
Sporns, P., Eds., Current Protocols in Food
AnalyticalChemistry,JohnWileyandSons,
New York, F4.3.1-F4.3.8.

Mokhles, A.E., Michael, V.M. and Peter, M.H.
2019.Effectoffruitingandbiennialbearing
potentialon spur qualityand leaf gas
exchangeinApple.J.Am.Soc.Hort.Sci., 144:
31-37

Monerri,C.,A.Fortunato—Almeida,R.V.Molina,
S.G.Nebaur,A.Garcia—LuisandGuardiola,
J.L.2011.Relationofcarbohydratereserves
withtheforthcomingcrop,flowerformation
and photosynthetic rate, in the alternate
bearing ‘Salustiana’ sweet orange (Citrus
sinensisL.).ScientiaHorticulturae,129:71-
78.

IIMFM&AP,Vol.9No.2,2023

93

Hussainetal.

Nivedithadevi,D., Somasundaram,R. and
Pannerselvam, R. 2012. Effect of abscisic
acid,PaclobutrazolandSalicylicacidonthe
growth and Pigment variation in Solanum
Trilobatum International Journal of Drug
Development and Research 4(3):236-246

Nouriyani,H,Majidi,E,Seyyednejad,SM,Siadat,
SA. and Naderi, A. 2012. Evaluation of
InteractionofPaclobutrazolandNitrogenon
Correlation betweenYield and
Photosynthetic Pigments Contents in Two
WheatCultivars(TriticumaestivumL.).Res
Crops. Vol. 13. pp. 446-452.

Panse, VG. and Sukhatme, P.V. 2005. Statistical

MethodsforAgriculturalWorkers.Indian
CouncilofAgriculturalResearch,NewDelhi. Wahl,
V., Ponnu, J., Schlereth, A., Arrivault, S.,
Langenecker, T., Franke, R. Feil, Lunn, J.E,
Stitt, M. and Schmid, M. 2013. Regulation
ofgasexchangeparametersinApple.Science.
Vol. 339. pp. 704-707.

Wunsche, J.N., Greer, D.H., Laing, W.A. and
Palmer,J.W. 2005.Physiologicaland
biochemical leaf and tree responses to crop
load inApple. Tree Physiology.Vol 25. pp.
1253-1263.

Xing, X.,Yuhan, T., Mengran,W. and Dagiu, Z.
2018.EffectofPaclobutrazol Applicationon
Plant Photosynthetic Performance and Leaf
Greennessof HerbaceousPeony.
Horticulturae. VVol4. pp5.

Zhao, J., Zhang, W. and Qiu, Q. 2011. Effects of
PP333sprayingatdifferentstagesonsoybean
agronomic and physiological characters.
Soybean Sci., 30:211-214.



