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Background and objectives: The evaluation of variability and
heterogeneity in study results is an essential conclusion. Meta-
analysis is a comprehensive statistical analysis method for multiple
independent experiments under the same subject. The benefits of
meta-analysis technique include a consolidated and quantitative
review of a large, and often complex, sometimes apparently
conflicting, body of literature. In the agricultural research field, the
technique is mainly used for the comprehensive study of trials to
explore the response characteristics of the main treatments. Due to
the dispersions and differences in the results of studies on the effect
of fertilizers on the growth and quantitative and qualitative yield of
important medicinal species, in this study, meta-analysis method was
used.

Materials and methods: We conducted a global meta-analysis to
evaluate the effect of various fertilizers on quantitative yield and
quality of some medicinal plants including psyllium, fennel, basil,
savory, dill, black seed and cumin using data obtained from peer-
reviewed publication during past 50-year based on a ROSES
protocol. So, 78 studies were selected that they representing 18
studies on psyllium, 8 studies on fennel, 12 studies on basil, 11
studies on savory, 7 studies on dill, 9 studies on black seed and 13
studies on cumin. Hedges effect size, publication bias (by using Begg
and Mazumdar correlation) and Kendall's Tau coefficient were
computed and funnel graphs were drawn by using Comprehensive
Meta-Analysis software, version 2.

Results: Based on the Hedges effect size results, vermicompost
(g=1.106) had the highest impact on psyllium yield of and the next
rank was computed for integrated fertilizers (g=0.061). Different
fertilizers had not significant effect on yield of fennel and dill. The
results revealed that bio-fertilizer (g=0.553) had significant effect on
yield of black seed. Also, cumin yield was significantly affected by
integrated and chemical fertilizers. Effect size values for manure,
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vermicompost and integrated fertilizers on mucilage percentage of
psyllium were computed significant impact with 0.6, 0.9 and 0.7,
respectively. Manure, bio-fertilizer and integrated fertilizers were
also significant on essential oil content of fennel, dill, black seed and
cumin. The results of Begg and Mazumdar correlation revealed that
the impact of chemical fertilizer was heterogeneous on cumin and
these fertilizers are not recommended for the medicinal plant species.
The effect of chemical fertilizer was calculated as homogeneous on
leaf dried weight of basil. In other cases, the application of bio-
fertilizer, vermicompost and manure are homogeneous and
recommended for these medicinal plants with 95% confidence
interval.

Conclusion: Totally, there was high residual heterogeneity in meta-
analyses of soil fertilizers on different medicinal plants, suggesting
that a large amount of further researches with detailed analysis of soil
physical, chemical and biological properties are also required to fully
understand the influence of fertilizer treatments on growth,
quantitative yield, and quality oil yield. This meta-analysis quantified
the growth and yield of medicinal plant affected as different
fertilizers based on available scientific evidences, providing a basis
for improvement of medicinal plants management.

Keywords: Begg and Mazumdar correlation, Homogeneous and
heterogeneous, Residual heterogeneity, ROSES protocol.
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AL pelal Aoy 5 ol 558
Chemical fertilizer on essential oil 2 7 -0.449  0.018 0.190 -0.822 -0.076
percentage of fennel
Gl bl Ao yd 5 G 50eS 255
Vermicompost on essential oil 2 5 1.478 0.000 0.424 0.647 2.309
percentage of fennel
Sl pelal o )s 5l 35S

Manure on essential oil percentage 2 6 1.479 0.000 0.326 0.839 2.119
of fennel
dgd bl Aoy oland 558
Chemical fertilizer on essential oil 4 7 2.019 0.000 0.340 1.354 2.685

percentage of dill
st Rl Ao s 35S
Bio-fertilizer on essential oil 3 5 6.138 0.000 0.862 4.449 7.828
percentage of dill
Gyt el A3 S S
Integrated fertilizers on essential 2 4 10.020  0.000 1.572 6.939 13.100
oil percentage of dill
wlsolw puilal s 5 slend 3
Chemical fertilizer on essential oil 3 13 2.705 0.000 0.703 1.328 4.083
percentage of black seed
wlsolw uilal Ao )s 5 pasy 35S
Bio-fertilizer on essential oil 2 5 2.185 0.000 0.315 1.568 2.802
percentage of black seed
oo el 3 ee y pleacd S
Chemical fertilizer on essential oil
yield of cumin
e oy bl 3 8as Aoy 35S
Bio- fertilizer on essential oil yield 3 6 1986 0.000  0.184 1.625 2.347
of cumin
o il 3 See S gaS 5
Vermicompost on essential oil 3 6 1.075 0.000 0.273 0.539 1.610
yield of cumin
oo bl 3 Shee gy las S S 5
Integrated fertilizers on essential 4 10 0.659 0.003 0.220 0.228 1.091
oil yield of cumin

(93]
o]

3.523 0.000 0.264 3.005 4.041

Ay



Ko 9 U3 08 yg st | ed Kot g So claosiiS jidols 31 ooy

S 03 4SSy sban ol o AU 1y &l s Slas
3 (S 5 5 ol 359) T slos 8
(s Slid ) olad 5 (ol oland)
3 a by e adls 5 See o 30 0 5 e
(V10) 39 S 5neS a5

S8 OlE Sl ad slajlssed )V SKS s
3 bt Gl S (g3 355 (Cw ppaS 00
by s, e o Lass aals G me 5 ey
el ol enls QLA a3 s 5e gl slawi S

Ao e edalie VS 5 S 480k
izf_mgd\;etsdﬂu\zsj_ikwﬁ@jaﬁg_éw
ey bacall lial gl 5550 0l
SR S i3 Sa sy S ble Sasl,
3o Ly aals 5054 UL Cladllas c3s (L 5ls
=B o3 40 Slabl Aol L ST ol pslis
s lisl gl slasplis @L:.} sl ds
St S 52aS a9 e 0L LS Slallae
(sl 355 G pan O 30 o paul &ls s Slas
o 4l s Sas nlasS 51 2l 5 sy 5sS
Sl WS ass bled & ol (Sen &S 5 4
dﬁﬁ?peﬁwﬁjl@udgﬂ@m
AU US asn el (1) Ak by oS
oyl g ails s Shes  (Bes JslassS e
(1) e 0 225 1 ol sl S b Sl
o o LaeliS gl ol el 5,08 31 o3l

el 0l 0sls QLAY IS 5 6 il (Ui 50

yay

L rmn A o3l 555 ) sl mlss bl

5L 4 S G Ols S e A 40 Ol
= S e LI (= VN V) G 5eS e
30l a4 b e e a5, 5 axdls o)kl 5 Ses
ST 508 el 35 (=10 s S il
aslos (@=4/0Y0) st 355 O me (5] 35
Gy oS pdole Ll Gooan 5 (V Jpd)
NGSUIVY [T S0V K Vipp-S\ EYPEEEY Jot| W Jpprp g LS ol
2 gt el olds an a5 L (e
S 25 S amd i Ol e opd 5 L5 OLS
o=l 3 Sas o (gols e Sl as S C\JSCAA
i3 35S 58 ilseliw olS 55 ilasll OalS
5 e o3 olS 5 5 g= /00T L ol Sl esluil b
35 ol t 0S5 Las S oS50l
AU S ol Sl ge Aoy 35 I3 S
L LassS oS 5 5 CogaS 005 5 (s glas S
Loos YV 5 /A /AL CS 5w Sleslll slis
3 s ol s sS 3l sl gae Ui 5
s abeln (s 5 b3l Wbl Sea S5
RS (e I (Gl gre M e 5
LasS S 5 5 s 355 O e sl il o5l
355 3,008 eamen 5 A b il o s
A dlos 05 bl 5 Ses p (olead
S glaotis pdol> 50 0p 5 () dsi)
S s B0 b e dls s Shes
s @L:j OV Jadz) 350 0kl ails 5 Sae



Standard ervor

Y€+) & a,L«JZ} do 8,93 c‘;ﬂ)} ‘_,Lél; .\g)g}'

A 00
02 & B
P ©
os d hd
R N
Rkl 4 e
LR s 2
g3 £
S S Z3
@ 4 Z s
08 20
s 2 . o \ 2 N s « s 2 4 ° ' 2 s . s
Hedges'g
Hedges’ g o 1
o
0o 00
c
01 D
€ >
02
02 \
3 )
:’ 03 § 3 04
3 b ] °
3 oa 24
B 3
% > o
o8 2
os os -
- 3 < 4 ° 1 2 3 4 20 A8 1.0 o8 0o os 1.0 15 20
Hedges' g Hedges'g
s I s 1
0.0
E
B
02
5
£3
= -
LR
8= @
7oA >0
06 <
o
08 —_—
3 2 A o 1 2 3
Hedges’ g
e

03 413 3 Sher (O) w3 355 5U o lsolons @il 3 Shas (i) e gaS o 3l i 03l il 5 Shae i3 glajls e =) 502
() lansS 31 ndls 86 ot s il 3 Shae 5 (3) (23 355 21 o o3 s 3 Shae () bt 58 b o
Figure 1- Funnel graphs for seed yield of psyllium as affected by vermicompost (a), seed yield of blackseed as

affected by bio-fertilizer (b), seed yield of cumin as affected by chemical fertilizer (c), seed yield of cumin as affected
by bio-fertilizer (d) and seed yield of cumin as affected by integrated fertilizers (e).
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Figure 2- Effect size for different fertilizers on mucilage percentage of psyllium with 95% confidence interval.
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Figure 3- Effect size for different fertilizers on essential oil percentage of fennel with 95% confidence interval.
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Figure 4- Effect size for different fertilizers on essential oil percentage of cumin with 95% confidence interval.
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Table 2- Effect size for different fertilizers on dried weight of leaves and essential oil percentage of basil and savory
with 95% confidence interval.

slaws AP s
(o) Jaa ol b jlag sl Jesus p- st ombas UL
S T T
numbers . error
size
Ol S S22 U35 0 olond 358
Chemical fertilizer on leaf dried 4 7 2.084  0.000 0.269 1.557  2.612
weight of basil
Oy S 2o 035 S 50S 059
Vermicompost on leaf dried weight 6 54 0.689 0.000 0.097 0.498 0.879
of basil
Oy S S 05z S 5
Integrated fertilizers on leaf dried 3 6 0.835  0.000 0.232 0.379  1.290
weight of basil
050 S Ojy S 3peS 005
Vermicompost on dried weight of 5 25 0.744 0.000 0.127 0.496  0.993
savory
o3 KA O35 g (G 255
Bio-fertilizer on dried weight of 4 20 1.496 0.000 0.213 0.512 1.158
savory
Oy pilal o3y S 508 255
Vermicompost on essential oil 2 5 8.054 0.000 1.227 1.079 1.914
percentage of basil
Oy bl doys i las S LS 5
Integrated fertilizers on essential oil 2 10 0.994 0.128  0.654  -0.287 2276
percentage of basil
o bl 3, Soe 2 sl 58
Chemical fertilizer on essential oil 5 8 0.225  0.125 0.147 -0.063  0.512
yield of savory
050 bl 3 Sdas r (3 358
Bio-fertilizer on essential oil yield of 3 12 0.268  0.127 0.176 -0.076  0.613
savory
o3 bl 3, Ses i las S S 5
2 7 0.791 0.000 0.213 0.374 1.209

Integrated fertilizers on essential oil
yield of savory
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Figure 5- Effect size for different fertilizers on dried weight of savory and basil with 95% confidence interval.
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Table 2- Test of publication bias in meta-analysis for different fertilizers on seed yield and quality criteria of

medicinal plants by using Begg and Mazumdar correlation.

)Q. C}’ ) L))»). 5)L°. p e Jiws st g u)ﬁ)] ot
Symbol of test Kendall's Tau
Type of pattern ) P- value coefficient Test result
05 sl @5 5 Shes = s graS Sasls
A T 0.618 0.268 -0.18
Vermicompost-seed yield of psyllium Heterogeneous
o) sl Sls g0 Aoz = glands 558 £
Chemical fertilizer-mucilage percentage 2.683 0.003 0.68
of psyllium Homogeneous
bj}u.jurﬂjﬁM):—w)?aSj)J g
Vermicompost-mucilage percentage of 2.038 0.020 1
psyllium Homogeneous
o) sl s g0 Ao y3 = ol Kan
A e do oS 3.753 0.000 1
Manure-mucilage percentage of psyllium Homogeneous
o3 el S o A3 a5 S 5 <
Integrated fertilizers-mucilage percentage 2.724 0.003 0.63
of psyllium Homogeneous
bl bl ko ys = slend 35S Lal
Chemical fertilizer-essential oil 1.051 0.146 -0.33 Het
percentage of fennel elerogeneous
GQ).)&LA.M):—@};»SJ)j g
Vermicompost-essential oil percentage of 2.204 0.013 0.90
fonnel Homogeneous
U PR W I W Kan
S el e il 28 1.690 0.045 0.60
Manure-essential oil percentage of fennel Homogeneous
L elal o ys = slend 35S £
Chemical fertilizer-essential oil 3.153 0.000 1 H
percentage of dill omogeneous
Lgs bl doy3 = aan 3 558 £
Bio-fertilizer-essential oil percentage of 2.204 0.013 1
dill Homogeneous
dopt ol A3 - las S S 5 <
Integrated fertilizers-essential oil 2.038 0.020 1 Homogen
percentage of dill omogeneous
o 05 s 3 Shas = ol - Kanl
e shetos 0.700 0.241 0.16
Chemical fertilizer-seed yield of cumin Heterogeneous
o 0,5 A3 3 Shas — e - Kaals
R ahtteandi i dl 0.834 0.202 0.22
Bio-fertilizer-seed yield of cumin Heterogeneous
s 0,55 A3 5 Slas — W S 5 Kas
TR WEs 2.622 0.004 0.50
Integrated fertilizers-seed yield of cumin Homogeneous
weﬁ)‘wdblajﬁw—jwajf Lal
Chemical fertilizer-essential oil yield of 1.360 0.086 0.40
cumin Heterogeneous
3 0, ) Ll s K = g ) N L
e 1.315 0.094 0.46 ©
Bio-fertilizer-essential oil yield of cumin Heterogeneous
ﬂeﬁjUJLA.JJﬁ»&—w)?aSj)j '/:
Vermicompost-essential oil yield of 2.442 0.007 1
cumin Homogeneous
S o5 ol 2,5k —las S S 5 <
Integrated fertilizers-essential oil yield of 1.375 0.000 1
Homogeneous

cumin
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)Q. C}’ ) L))»). 5)L°. p e Jias st g u)ﬁ)] ot
Symbol of test Kendall's Tau
Type of pattern ) P- value coefficient Test result
wlsolw il do - sland 35S e
Chemical fertilizer-essential oil 4.758 0.000 1 Homogeneous
percentage of black seed g
Y P WO W WS PEE RN LY _
Bio-fertilizer-essential oil percentage of 2.449 0.007 1
Homogeneous
black seed
ook il 3 ,Sas = 2 ; San
A 3.721 0.094 0.79
Bio-fertilizer-seed yield of black seed Homogeneous
Oy Sy St 055 — sband 555 £
Chemical fertilizer-leaf dried weight of 2.553 0.005 0.80 H
: omogeneous
basil
Sy S Kt 05— S 308 S
TR SR ST 8.189 0.000 0.91 o
Vermicompost-leaf dried weight of basil Homogeneous
Ol s S St 035 =28 S 5 ¢
N S = 1 Sas
Integrated fertilizers-leaf dried weight of 2.818 0.002 H
. omogeneous
basil
Oy pilal o3 = G 5iaS a5 e
. L 2.44 1 e
Vermicompost-essential oil percentage of 449 0.007 H
. omogeneous
basil
e)ffﬁ&hiinj—w)?»Sj)j £
Vermicompost-leaf dried weight of 4.904 0.000 0.70 H
omogeneous
savory
0 0 S L SEE e s Z
Gt S S 03T 2 6.131 0.000 1 <
Bio-fertilizer-leaf dried weight of savory Homogeneous
30 ol 3 Shes —las S S 5 2252 0.012 0.71 ”'
Homogeneous

Integrated fertilizers-essential oil yield of
savory
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