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Abstract
Background and Objective
Root-knot nematodes (Meloidogyne spp.) are serious pathogens in pistachio orchards and
nurseries. Unfortunately, in most orchards, regular monitoring and correct use of integrated
nematode management methods are not done. Nematode damage, along with the salinity and
alkalinity of the soil in most pistachio orchards and unprincipled fertilization, has caused a
significant decrease in pistachio production per hectare. Chemical nematicides for control lead
to environmental pollution and seriously threaten human health. Therefore, finding low-risk
methods to manage root-knot nematodes is a priority. Soil and bio solarization, soil amendments
using organic fertilizers such as cow, poultry manure, and agricultural fermentation waste have
shown convincing results. Following the observation of different levels of nematode control
using mineral and chemical fertilizers, the present study was designed. So, the effect of different
sulfur concentrations and application time on the control of root-knot nematode, Meloidogyne
javanica, and its effect on growth factors of pistachio plants were surveyed.
Materials and Methods
The experimental treatments were different sulfur concentrations (zero, 50, 100, and 150 mg/kg
of soil) and two application methods of sulfur (first time, simultaneous planting of pistachio
seedlings with sulfur and nematode treatments and second time, planting of pistachio seedlings
after 45 days of sulfur application and nematode inoculation) in four pistachio cultivars (Akbari,
Qazvini, Badami Reez Zarand and Sefid Pistachio Nogh). The pure population of root-knot
nematode was propagated on Solanum lycopersicum L. cv. Mobil. The number of two second-
stage juveniles was considered for inoculating each gram of soil. The pathogenicity indexes of
nematode, including the number of second-stage juveniles per 300 grams of soil, the number of
galls, and egg masses per gram of root, were calculated after two months of planting. Growth
factors, including green leaf weight, fresh and dry weight of root and stem, root volume, stem and
root length, stem diameter, and SPAD index, were also measured in all experimental treatments.
The experiment was carried out in a factorial, completely randomized design with 12 replicates.
SAS software version 9 was used for data analysis. Means were compared using Duncan's test.



Results

A low population of second-stage juveniles was observed in all cultivars at 50 mg/kg sulfur
concentration. A significant decrease in gall and egg mass indexes was observed at the second
time compared to the first sulfur application. Except for the Akbari cultivar, the nematode
reproduction factor showed a significant reduction at 50 mg/kg. In the absence of nematodes in
the Akbari cultivar, the concentration of 150 mg/kg of sulfur increased the stem fresh weight
by 40% compared to the control. Regardless of the concentration, the first time showed better
results on the SPAD in three Akbari, Qazvini, and Badami cultivars. In the presence of
nematode and the second time, the concentration of 50 mg/kg of sulfur for the Qazvini cultivar
caused a 68% increase in the stem fresh weight, 32% in the stem length, and 22% in the stem
diameter and the same conditions, for Qazvini and Sefid Pistachio Nogh, had the greatest effect
on the leaf weight. The concentration of 50 mg/kg of sulfur and the second time for Qazvini
and Sefid pistachio Nogh cultivars had the highest effect on the green leaf weight compared to
the control in the presence of nematodes.

Discussion

In this research, apart from the Akbari cultivar, the largest decrease was observed in the soil
covered with plastic in three other cultivars. According to the results of this research, using a
concentration of 50 mg/kg of sulfur, covering the soil surface, and planting pistachio seeds after
45 days can significantly reduce the root-knot nematode population. This finding can be used
in pistachio nurseries. For further studies, it is suggested to use sulfur fertilizers and their
mixture with biological agents compatible with salty and alkaline soils of pistachio planting
areas to reduce the population of root-knot nematodes.

Keywords: Nutrition management, Seedling, Elements, Pathogenicity

Associate editor: S. Azimi (Ph.D.)

Citation: Farzipour, H., Zeynadini Riseh, A., Sahhafi, S. R. & Karimi, H. R. (2024). Effect of Different Sulfur
Concentrations and its Application Method in the Control of Root-knot Nematode in Four Pistachio Cultivars. Plant
Protection (Scientific Journal of Agriculture), 47(2), 1-19. https://doi.org/ 10.22055/ppr.2024.46812.1742.




(‘5})3\'5;5 L;«LG 4-]0.93) ‘;i.ﬁ};ekf

\\|/ / VEO Y Ol ¥ o, led £V A
Speld

10.22055/ppr.2024.46812.1742
@;Q)MWJ’M 39 QTOﬁ)V&j)jéfﬁM’“’ Shickls ng“
iy o) slez 0
TS Wk Gl Uy o Ty (0l 5 sl gy 085 e

Ol Ol ) (Olrwind ) e s (I o815 (5558 oSl (S 530lS 05 T ¢ ALE i slay il pulid )8 - )
(eynadini@VIU.aC.n o, cbaind s lowind s o pa s ol (65,5128 0t ils ¢ S 3olS 09 8 (5l skinl 1 _J G Guuid Ok g3 -V
Ol Ol ; Olomind ) e s (s o8l (63,588 0dSLils  ALE S 5 5 o550y Solils-T

Ol Ol ) (Olmind s oz I o315 065355187 oSl  SLEL e 03 5 slewl ¥

VEX/OF/YE L b AR ARG VE/O YD (8 55 g b

oS>

(P ol 7 5 1l 2 39556 D390 & iy (SOOLIG 33 B 4l ) WS 310 95 ST (2 S ol S5,
9333 9 S p TS 5 35S 5 e 100 9100 00 jho SO o falesT (Slhslesd A3 Pt 5155 1Y
5y 31 g 393 60 L, JIg SBIS ilad 93,755 S0 slard Jos! b dig JUg5 ool ST i 4) 35755 8y
Molo 93 Cabds” 3l um A3 g (B iy ad § W35 323 (AIOL (52938 (S p57T) i o) Sle O (Wilod (Sl 9 5795
S90Y Cumo 05 o5 p 57 o 00 CLALE (Pl dod 53 . Wud (S 031Nl L8395 9 (2 3 olow S HETTE LS culls
A oulio Jof (5595 b duslio 50 Wiled a5 duws” § JE Sl oLl 10 e g5 BB sl (p9d (519 0 .018 QL o5
ol g g8 B Ol o 4l b duslio yd p 57 o 00 SRS 5O (S w1 08 33 4 B dod 50 Wiled  Loodgi 55T
¥ 18 Olid Ko g lde 9 1y (S b 9l 99« 010b 9 (938 (ST by dw 50 Al I S yo LSl
Jo (54033 Tl 5 (335 6eh0 35 A a1 o 6 293 653 12 3555 57 oo O+ Sl 9.3 5755 S a0 9
S 5 039 ho 21 BT (e By Ay b 9 (5295 P ST L1 (et 9 43 5 Bl L (ko3 TY 9 Bl
O 39580 i Jlo Cll5 95 p Toks” pp 5 w00 Sl b3 5 o5 il osliiul yolo Gai g ld bl g .obld

B3 5 0 Slgly (A Tl ) SN DS pal Ce @ 5o B pan

[ p o polic g A i g y1ko o FIghds”

ks bl S sl s



Mv.é))l.@%)}@;Q)JL«JJ}.{)}QT}}’)KJ})}};;J:M6\}&\“.4]@[9):“:Qb&s}h})}iwﬁ f

el odasdlis oa (JS Slalllas b ozen LS
Ak Bl mpde glasaly I S S
sk 4 il QI pols 1051 ealitl Ll g s
Ay Ay 6 L il o ST 1 (ol o eslin
Sl 5 1) pl8n 11 5 525 Bl Comazr 2131 4 e
2l Ll Sy e Bl 4 oo T Glagl Gl oS
Hauser,) b S e bl Cumr (S5 el
.(2000; Hurchanik et al., 2004; Silva et al., 2020
S st Ol 4 e 5 JT OLS 5 L S o3l
AL 1ol Jalge Sl ol (Al g e )b
o polie i (Etimetal., 2023) el e i) 5
L Bl S e 5B L (Gne ol
S b @5Lasl3T s 4 Ol QLS (55 2 ot
SIS s aals Sholail JIuls e sbs glacd sl
e s Sl S CiS g gl glhais
435 b e 4 Ol jon ol Caaglia b Jasnd o LS 5
.(Potter & McKeown, 2003) aas e Ol 1, ol
e 5 Sl ST e M ol I (S5 S8
S o i) Sl dile plapplam; GME ez )
AU 38 F Gsspl S ol sl Olas A5 Sl
ssba bl ol oS Sl ule g5l 2o p gls sne
Sl eSTe Slie Sl ksl 3 Ol i (g ols e
SIS g &S aasy s (Wei et al, 2017) was o
O LS 1 (6l gmn 15 plnil Sl b 550
sdalin S Glailel sl 5 ) g5 355
N5 o aen S 5K e S 55b 4 45 S
w8 515 St Co gl slaeg 8 b Sl ke
Sl pode 5 88 1 .(Zhang et al., 2021)
Oleo g 55ugr 35 b oI YL s & ST )
G513 6 Gsb a syl Caenl S Slas 5 S5
S Ak amb sl AL oll oUB sl
2550 5 55k ole (Fp il el Sxi
2 Lawlf)lbi.:a Clad Rl 31 o el 42y il
Pl ) Garmy 5 ol Sl oy VL, S

2565 Sl e Il (00 S dni o poen 2 5d o0

4020

Anacardiaceae sesl sl pge glamir 3l S

S ol sl S L P.vera s usb . pistacia e
Hormaza et al.,) ssi 0 CiS (gHls Sype o
23ty (S5 55 o e 3 kS o 5 501 (1994
Harandi & Ghaffari, ) 5,8 . <l ol 0 5l Ole
23 p3345, 5 5 )l Y A5 Ol b Ol sl 4 (2001
T s 5l doys £ 51 Jhw 5 azdls VL 350 s
Akhavan ) ol esls jolamstl 35 a1y 548 26,8
JSt sl (& Goncalves, 2021; FAO, 2022
Loy 8 5 ety ) bl A3 5 03 28 56 s 4 LS
O dntns 3 S50 1 (gudke 3l g0 i 28T L5 4 0lE
JB Sl o wsl Gl Sl oy @ baas,
sl gl 4,5 (Dutta et al., 2019) k5 5 o+ 4> 5
dex I « Meloidogyne > 4 Glae oS4,
Lzer OG5 Lagl s ol ol gl sl S Lo
Js 4 o Fas; cbwls J x5 (Fatemy, 2009)
Sy 5 s Sl wuls Y Julds QU5
5ol pde K5 Db 5l BT 0328 LU
il S Sl T Caenl 1 OLlasL A8
555 o Bl sl calax Gl e 2 pde b gy
Jolss (Jamie 5 pslis B, ST (b e CAST (G
(8T Wl AlE glajlas 5,5 (g J S
S 61 ot SIS W 5 i S5 S r
55 .(Subedi et al., 2020) & 45 o0 o3lizul o Fats,
Cans g Bl 4 03T bl Slkd 5 jetes Ol
53 Golen 5 BT adl Co pde gla gy Sl eslinel
O3 2 5 o580 e T T ol CudS 5 S IS
S50l g (22355 5 4 d g ay SEL ST s ST
42315 e Ay 55 J game pl M5 s 5 B D31
.(Hosseinifard & Mirzaei Aminiyan, 2015) .|
0548 o ey Gl 53 (2 s e Slaair 3 (SO
Aals wlinke oS Asl o EL (2338 5 418 Sy ke
oslizul LS s ol a4l 5 S Cams oyl

Gl o 5 SBT J 57 g plasd o sane Sl 50l 8



o VE ¥ Ol oF o led PVt ((5,5LS™ ade aloes) (K j0lE

dn B 55 Dlabas 4y baayy Hsbte ol 4 3 8 g s
0~~)|&s}xu6€)§af&)3}ﬁddﬂéb
AALAILAQT@M):&V{MQ){%J}M;Q&
Y5 osle 3 lagss b it s 5 B Fr ke 5 03 8
4 Jool Ol g daess (Gl S Lipd s,
SB e b S gay 5 S Jra ¥ S gs) Sy
S S sen Jsloen B i 00l iz OT L g sy ) 3
Hussey & Barker,) s5, o 5l JolS s5b & puoes
o ain &G Gl 5Ly Y Curex 4 sl (1973
Ll L;,,TC,>, odd G i (glagyY Ob eSS cela YF
S Al ke 6 s o 3 Y Comex (S5 o
Sloslizal b ke (5 O b & 035 ool O sl g
ol 25 IS5 a8 e e e s S ) S
L dloes O ganilon s 5753 9,Y 3l ¢ ol 5 SSLe
iy o3 sle> SBUJIS (5 3lwodlT

oy SLaody 4 Lole e 03 g Sl Al e
3G ey L 5 L5 s bl B ST PG
Gsd d plal Olowidy Ol g 55 iy 0dSlia g3,
g:.ouw;;.\w&,)g;swuﬁ@u.x?;\w%
Celo 95 8 Sde opl (b g Ll esls HI 3 bis T s
il B b Wy ¢ e 58 0T ST LSS
st anle 5 So¥ 5 (Lo S S Sl Golee b gliee 55
sk g 53 YA (Slos 5 &S0 Lol 13 5 354l e )
Ls 6K wia oK S 4
OT O 99393 90 5 o7 aliko (Slacdalé flos!

bl 53 doys A8 ol bosisy Se s 55
Sl p S AS a sl 4 oS ke V0 5V o
Lglsen 51 5 gieosleT o § S 4w OIS 8 ol
Rumiani et al., ) ws 8 slsl olulS o ¢Sl L ous
u\Jngr).s&.»})Y:A;;:QQ\JL?,ASBW.(ZOJ.G
Ladlgils ol bl 45 4 o i 4w 4 &S5 0 8 a (sljl &
ol gy gty ) ST L i 5 3515 35 0 3l
IS 5335 8 51 Jole slasbu b o)y sl i
03l el By 93 b e leT (p S aksy Bl

Vo he)s S8 1l (8 G e 0le3) Jsl b

ol 0l oy > Calibes OLE 3 3B (slg Jlow s
(o Aoz | AL glac sk S g
Salac et ) ol o3l GList LY 558 I8 5 0456 S8
e (e 4 Culg s &S A e Ode ST
(e Sl Gz e ) SN 8 e
3,03 QLS 51 gl 55 ST 28 45 Sl 0y S
Sl g p S Ja YO 51,1 (Zechmann et al., 2008)
ARl e el g S FUS 5 E 8 R S
5 ads, C; 03 o35 e (Ao s 00 (VL) wr g G
355 b oS s s S, Wl f Wy 86
3 gL eslizsl oj3,+ (Rumiani et al., 2019)
sl Jame) OT S5l 5055 o b 303 55
Sl il ol 31 AL claglen J ST 3 (Ck Cats
e 335 5 D356 3l (slae sama a5 53 S5k 4
A e S ke 100 Bl s dnadl g O35S ol e 4
M. incognita s § i, Sl sy Ver Sayls5l
(Nguyen et al., 2024) was Olis o 48 oL 53
JQ;@quﬁfdﬁuc}hueMmy@jli
SN 035 U rimen 5 Sobe 5 JT slas S 5 s
(235 WSS Jald diy e pe 035 Dlgr ol S
d\.&s'_«.la.l& JJ{)K LY é}: Lo ..«\:.L.» 9 L) P GA‘QLJ
eSS e S e 10 5V 0 i) 3 S S il
|~ M. javanica ¢ a Fai; bl J 557 Cgr (S
wgy ke (S 3b g WIS o Jol s s 8
PR s Bl Sy e (6l OT e 25 5358
35 iy 5 Jomze glaal bal gLl K5 b 5

.DJ;GQU.Z.A\‘SA;QJJSLQJCJ)MJZ‘JZ

b 5959 3lge

A 15 comxi 9 kel dlodl) dagd
530 ¥4 Jusm o3, sl Kper £ 51 bl alest;
od 03T M. JAVANICA L5les (355 4S5 by & |5



M(v-;))Le%ﬁ@;W)JL«JJ}S)AOTJ,H)KJ))}D;;M6\AC~HPJ§Uu‘)&*‘“})}iwﬁ 7

A slla S e \d 5V B i) s 88 il
CalS) 388 Can gl by, (S S S
5 5L 5588 s Jleel L ey sladlgils Olojon
5 ()l Jlast 51555 ¥0 31 dbay sy sladlglls it

e 5055 525 (#b (52958 (6 ST iy Calies £
Jlie 1 OLD s g @ dr g b e L3 52 (B 58 iy
eyl 5 0T o e sla jhsy 3,8 8 il sl ke
e 0le3 53,858 56 G551 s shtea caty (ol
Sadlgls sy Sliw p » 8 4y Bl J 5875 0T
2558 (ST D)o 4 baesls 4 o catey o)
W1 5 b SISV slted b alar SL - b wl
Jol mleT sl sS6 .03 8 elnil o3, sl
o5 e 100 51 B i) 3 £ 8 Lol slac il
sSE Spae Gty (S 0SS 8 Gl
5388 sl Jleel b wiy ladlgls Olojpn 818
Jles! 1 555 F0 5 A ey sadlgils csl8 5 Wl
syl pde 5 Hpam) Ll Hsdm Ll s (bs)les
Glaals Lz 05037 L ke Slaglie . Lsy (Wl
SAS J15le 5 o st do s3> gty Jlaz| o o RYB

..,Li:clgd\‘\ A

el

By Wles g8

o3le slailed O Sl o Sl ek ag oY ) 5 52
5 liiin; s Shs el s oS S 550
M. Sope o Ll 455 33 o 55 (omiwlin
(O S s F Ll javanica
Byan Oloj § O eF il ot b3
Sasly 9 Kl 2135l Sl p O
Ay SIS (295

O S 3l 0L Waesls byl e I el o
Oki 5 588 Sb Lol 55 msp s sl
Bl 2l ler Slaast s il 06,1 53 OT 5 s
5ES aw Jlize SIS als gy s ime LT sl
S Jlezl plaw 53 035 5 0T 3 )8 Ol 88 bl

3Y sde 53) Wl 5 (ST oSS 50 8 e N0
b glone OIAE &S L (ST p 5 g1l a0 s 93
23 ey o3)al e Slasds Say Olen 53 e 5 LU
ol (53 O3 pan Ole3) p33 gy 3 ks SiS a0l
OIS ¢S L YL 5 ol o,Lal Ol e 4 Llas 53 8 5
ol o3 e dlgls oy FO G s Ll b glies
Cal G ey PO Sl dbol b .tus oS ol
Lol oy 5 odkd osb e LOlE ST dadlgls
o ) Jole 3lse s 5 ) 68 S ol ) Sy
5 A Ll s LoldE pl s s ekiliy 0SS
Dodd ) Lz (5,16 o grbs 43 53 ¥O G YO o (slos
(& Doley, 1998; Rumiani et al., 2016
Wiloi 258 skw Sl 2L 9 (g p
B4

Sl 4 Bl Siale Ol 3l ey 70 b dS I e
G li L 03,57 O ,m OIS I 4y sladlgils
(505 3Mas 3T S 3l (JE sl ol s S5 JT
2 el Comer ) Jold g etlh S s o
o 5oY 31w 5 (OIS o (gl odd Siale adsl Cuma
Whitehead & Hemming, ) s 8 awls g5
.(1965; Taylor & Sasser, 1978
g SO () GBS (o) 5

O3 il &S 5 5 055 Jold s, laasls
8 ks b 5 e ey &S 5 5 05 e 5
o&es jlosliznl ) o Ko s Lasls 5 aile J ob caila
csle Minolta SPAD-502 Jae zws e s S
G e (S5 ) 5 anslam b oyl 558
ole 93 Cid8 1 dm (LOT ,Kle 35 5 0L
A3 S5 s g 3 38 Ay o0k Hlals sl
Skl Julods 4 25

5358 53U Gl sskiea lunl ol jtass 5
Sl astls  dmy Gl o6yl 3 OT O e Ol
Sage  besls 4 (a8 i, B ik
VY slied b sl Sl = b il by sS6 2T
lachle fols bl sla, gS6 o7 ud plol 1SS



Y. VEF Ol oY o pled PV il (65 550aS” oode aloes) (SC8 50l E

S pd gl ok (613 gme Sosle gyl T b Gl Cble g oy el mlE e () o)l Gl sme Lo ys
b Olejen sy 38D Jal 0lej 03 L33 s (bl 3, 53 3EE Gpan 0y 5588 il b bty 4
SN S p 5 a Ver 500 Sl 5305 8 5 e Slie Glr s r ¢ AUl B R Slae
&:I&g)Mo.uwhol.ufdfls-)sabj:j\.u“g;‘f Lawikra ds 20 @L“J Azdls gyl gae Dl 1 AT Loy,

rj)ﬁ‘bjﬂffc‘\h(J)‘ﬁbﬁ)é)‘b&@}wwjb (OUY Lgudﬁ"\’)"\";'gs“)j’

(0 2050 03 35 K05 s bl o) alie B dey b Y dlaw sl
4d}| QLA) b LSJL:TJEJ j\ Ll s odaline LS})Y Cores- ‘J,—M Olﬁjjbﬁ):é;‘r;)):gblbdw r}:&w
b;}? r;}l:fj r;k;:a 100 500 (e slacble j)‘ng}iﬁ\fﬁb}?}fr;&\“}b' slacble
(Y JS8) Sl (gl sme sl ot SV Amils ls gme 1 (p Satsy LS 55 oy
\ s .‘p’-J ‘\~‘ “\";.‘
‘A s ™ .‘ > )
‘;‘-.‘., ~b, s ®” ‘; \ A .y
SRSV Al
ST £ N - ¥Ra
\ Y BN R e <
y g E <
RN Lo T
L Ry
‘7 O s | 0= e |\
’0' E : ".\,.‘ ::‘;J?~‘\";,. ‘.‘::_\
r "__,""_‘, ‘-\, ':. ,,J"-/'.,.-‘\i
X ) - o> '.l "l
T ) ;ﬂ '/ 5 |
S M
g PR -
- i o - .-~9-/ .zl--)
| e bt €

(5095 YO b ol y u»bu)eébe»\:bwg.»élg»l G A0S b g B el 95Y 9 @5 gmuilwge tA -1 IS
Figure 1. A: The suspension of nematode eggs and second stage juveniles, B: The perineal pattern of the
female nematode (Scales = 25 pm).
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Table 1. The results of analysis of variance on the effect of different sulfur concentrations and application time
on nematode pathogenicity indexes in four pistachio cultivars.

Source of Df  J2/300g df  Gall/g of df Egg df Egg/ g of df Final df  Reproduction
Variation soil root mass/g root population factor
of root
Cultivar 3 0.981** 3 2.546** 3 2.986** 3 1.706** 3 6.640** 3 0.259**
(©)
Sulfur (S) 3 4.637** 3 6.111** 3 8.200** 3 7.206** 3 22.923** 3 4.075**
Time (T) 1 2.332** 1 39.169** 1 90.471** 1  36.839** 1 150.826** 1 37.820*%*
CxS 9 0.182 9 0.733** 9 1.451** 9  3.291** 9 5.855 9 1.443**
CxT 3 0.488* 3 0.278 3 0.414 3 1.583** 3 0.999 3 0.202*
SxT 3 0.028 3 0.360 3 1.382* 3 1.045* 3 5.074** 3 0.969**
CxSxT 9  0.472** 9 1.168** 9 1.521** 9  1.504** 9 5.547** 9 1.257**
Error 351 0.145 351 0.267 351 0.420 64 0.321 351 1.129 322 0.057
CV (%) 33.63 16.02 23.39 6.79 12.75 35.17

* and ** are significant at the 5% and 1% probability levels, respectively
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Figure 2. Effect of different sulfur concentrations and application time on mean number of second stage
juveniles (J2) of root-knot nematode (Meloidogyne javanica) in four pistachio cultivars. Means by the same

letter are not significantly different (£ < 0.05).
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Figure 3. Effect of different sulfur concentrations and application time on mean gall number of root-knot
nematode (Meloidogyne javanica) in four pistachio cultivars. Means by the same letter are not significantly

different (P< 0.05).
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Figure 4. Effect of different sulfur concentrations and application time on mean egg mass number of root-
knot nematode (Meloidogyne javanica) in four pistachio cultivars. Means by the same letter are not

significantly different (P2 < 0.05).
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Figure 5. Effect of different sulfur concentrations and application time on mean number of eggs inside each
nematode egg mass of root-knot nematode (Meloidogyne javanica) in pistachio seedlings in four pistachio
cultivars. Means by the same letter are not significantly different (£< 0.05).
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Figure 6. Effect of different sulfur concentrations and application time on reproductive factor of root-knot

nematode (Meloidogyne javanica) in pistachio seedlings in four pistachio cultivars. Means by the same letter
are not significantly different (P7< 0.05).
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Table 2. The results of analysis of variance on the effect of nematodes, different sulfur concentrations and application time on the growth parameters of Akbari cultivar

Source of df SPAD Shoot Stem Root Stem fresh  Stemdry Fresh leaf  Rootfresh Rootdry Root
Variation length diameter  length weight Weight weight weight weight volume
Application time (T) 1 4177.23**  35.08 0.065 298.62 0.171* 0.064** 0.504* 2.814** 1.218** 0.437**
Sulphur S) 3 693.98**  80.84** 0.234 268.68 0.127** 0.033** 0.771*= 0.040 0.016 0.001
Nematode (N) 1 14.64 43.62* 0.026 979.55%* 0.053 0.016 0.520* 1.011** 0.081** 0.127*
TxS 3 628.58** 25.19 0.047 102.77 0.027 0.010 0.146 0.156 0.035** 0.011
TxN 1 2.29 25.65 0.079 485.32* 0.150 0.000 0.009 1.130** 0.121** 0.043
N xS 3 59.05 21.37 0.190 287.02 0.100* 0.053** 0.029 0.063 0.002 0.025
TxNxS 3 69.89 16.80 0.162 41.19 0.051 0.010 0.191 0.079 0.021 0.064
Error 146 44,53 10.61 0.111 123.70 0.030 0.004 0.108 0.104 0.008 0.028
CV (%) - 11.85 25.45 15.22 20.59 34.04 35.35 31.53 33.60 32.98 14.01

*and ** are significant at the 5% and 1% probability levels, respectively
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Table 3. The results of analysis of variance on the effect of nematodes, different sulfur concentrations and application time on the growth parameters of Qazvini cultivar

Source of df SPAD Shoot Stem Root Stem fresh Stem dry Fresh leaf Root fresh Root dry Root
Variation length diameter length weight Weight weight weight weight volume
Nematode (N) 1 84.03  90.60**  1.182**  2077.84** 0.27 0.12%* 0.16 0.98** 0.00 0.06
Sulphur (S) 3 34.08 4.91 0.215% 132.82 0.02 0.01 0.27* 0.13 0.02 0.04
Applicationtime (T) 1 431**  4395%%  (514%* 162.84 0.26%* 0.17%* 0.14 6.73%* 2.20%* 0.32%*
N xS 3 73.3*  26.25%* 0.133 182.12 0.01 0.01 0.10 0.09 0.04** 0.12%*
TxN 1 9.78 22.17* 0.000 119.04 0.07* 0.02* 0.03 0.03 0.02 0.00
TxS 3 928" 1448* 0.384** 425.39%* 0.03 0.00 0.11 0.11 0.00 0.00
TxNx$S 3 48.25  2965%*  (0.248** 143.17 0.16** 0.03%* 0.39%* 0.06 0.06** 0.03
Error 152 22.93 5.23 0.055 130.21 0.02 0.00 0.07 0.07 0.00 0.02
CV (%) - 8.55 17.86 11.04 20.98 24.79 31.01 26.86 23.8 26.18 12.55

*and ** are significant at the 5% and 1% probability levels, respectively
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Table 4. The results of analysis of variance on the effect of nematodes, different sulfur concentrations and application time on the growth parameters of Badami Reez Zarand

CUIg\c;i:ce of df SPAD Shoot Stem Root Stem fresh ~ Stemdry  Freshleaf Root fresh  Root dry Root
Variation length diameter length weight weight weight weight weight volume
Nematode (N) 1 132.30*  91.00** 0.086 1792.06** 0.131* 0.071** 0.228 2.151** 0.029 0.475**
Sulphur (S) 3 69.36 87.46** 0.070 652.05* 0.058 0.014* 0.565** 1.089** 0.159** 0.077
Application time (T) 1 6.44 112.27** 0.498 566.12 0.491** 0.086** 2.497** 6.345** 0.587**  0.469**
N xS 3 8.88 12.39 0.260 175.92 0.115** 0.037** 0.787** 0.917** 0.202** 0.007
TxN 1 1.31 8.48 0.056 78.03 0.406** 0.078** 0.695* 0.070 0.044 0.079
TxS 3 49.93 56.60** 0.210 370.72 0.146** 0.042** 0.372* 0.908** 0.181** 0.031
TxNxS 3 112.94* 7.19 0.045 321.57 0.075* 0.015* 0.233 0.550** 0.138** 0.025
Error 148 33.13 11.58 0.137 230.79 0.023 0.004 0.120 0.106 0.011 0.031
CV (%) - 11.15 24.63 18.16 29.59 33.65 32.94 33.23 33.53 32.10 14.13

*and ** are significant at the 5% and 1% probability levels, respectively
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Table 5. The results of analysis of variance on the effect of nematodes, different sulfur concentrations and application time on the growth parameters of Sefid Pistachio Nogh

Cuné\(l)irrce of df SPAD Shoot Stem Root Stem fresh Stemdry  Fresh leaf Root fresh Root dry Root
Variation length diameter length weight weight weight weight weight volume
Nematode (N) 1 0.44 30.95 0.31 91.31 0.67** 0.11** 0.01 1.01** 0.02 0.04
Sulphur (S) 3 22.75 13.89 0.15 325.97 0.18** 0.02 0.03 0.29 0.03 0.06
Application time (T) 1 135881**  83.34**  211** 15332 1.15%* 0.40%* 0.01 16.64** 3.46%*  2.20%*
N xS 3 86.56** 9.39 0.26* 398.45 0.06 0.01 0.16 0.36 0.01 0.03
TxN 1 77.50 4.27 0.12 12.86 0.00 0.00 0.26 0.11 0.03 0.00
TxS 3 24.03 0.54 0.12 243.42 0.06 0.02 0.28* 0.24 0.05* 0.01
TxNxS 3 46.36 22.90 0.37** 126.58 0.11* 0.03** 0.41** 0.24 0.30 0.01
Error 168 23.21 11.55 0.09 162.63 0.03 0.01 0.10 0.14 0.01 0.02
CV (%) - 8.75 24.44 13.39 24.83 29.68 32.84 76.28 28.73 28.25 11.88

*and ** are significant at the 5% and 1% probability levels, respectively
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