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1- Plantaginaceae
2- Principal Components Analysis, PCA
3- Factor Analysis
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4- Eigenvalue
5- Quartimax rotation
6- Communality
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1- Factor Analysis, FA
2- Kaiser
3- Selection Criteria, SC
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Table 2- Results of ANOVA (Mean of squares) for effect of fertilizer type and intercropping ratio with trigonella on MY
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Fig. 1- The effect of intercropping with trigonella on the number of seeds in spike of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum
and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.
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Fig. 2- The effect of fertilizer type on the number of seeds in spike of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. M, | and C: are abbreviations of manure, integrated and
chemical fertilizer, respectively.
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Fig. 3- The effect of intercropping with trigonella on 1000-seed weight of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.
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Fig. 4- The effect of intercropping on grain yield of Trigonella foenum-graecum and Plantago Psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant. Colorless columns and dark
columns show mean of Trigonella foenum-graecum and Plantago Psyllium, respectively.

Jlod 50 olS 90 (gail 3 ,Slos £g05m0 53 0 yaul aild 5 5 Slas
b odaliie Calizee (6355 (glajlos o )3 ViV o) yaul el

slaca s jd Gl 6395 slajles )3|\° S U“’L"" »
5B iy e § 361 Sy 0 yasl olS (gl S altso



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 MY

25 Sglgn 0,Slas 5 o ool e o5 (0 JS5) w3
Gl 0391 oliouss 365 & Cuud jsShe (6355 Loyl i o Al
05 il il lajlos y> it oo SUodgm 3 Sdas 38l
dySdes | yiey (il 39575 (6915 255 Larly 3 Vi) 5 V)
2 ogle oy cpl > oS o oo JlaSay 391 0 pul i Sifglon
S a9 L) dn bgyje sl (S S Cunle )3 gl
J atsls aos )3 S ABl okl olS &) o Al ol il
OBl 05 yaul olS 4 S 1) 395 3, Sos 9 350 (Sl 050 95
Lol 2l (So5alsn 3, Slas (il & ool 5l s
smolis (bl 358 5l olaiwl blpd )3 dl o il g ()
4 e ol Jlan g Gl (28 o je ) uyies LB ol
2 Jolge pl 5 cunl oiid aild 5ySlos 9 Sl oole oz yiul3al

Bl She (Saglgm 2o I3l )5 LS

T000 -

LSD(P):33.68
—. 6000 - LSD(T) :438.97
= LSD (P+T):435.83
"o 000 -
=
E 4000 -
=
= 3000 - ! I
=] T
s -
= 2000 -
1000 - =
1} 4
sl olala|r]| =
o= | =
= = =
Chemical fertilizer

<N

T:P(2:1)

Integrated fertilizer (30:30)

Fimwgid Joe plosil gl Jolse oot J S0 p58 (Y JSK3)
3ySlas o (9305 W 28§l an g U5 0 o &S sl
A VY ojy0 il aldiid Hlews 50 0,0l olS (gl 3)50 (pl 3 s
Sl o wils adls dluss oy 5YL olS pl (o9l 4 yoi deas >
ol jo as 5, Sles glial plaw g diw Job g b j0 &b
slajlos o (Jg ool lis o)l gl 1) (gyin 4l 5 Slos
A Gl g 030y alie (LS 60wl V1Y 9 Vi o)l sallid
Ol 4o )3 3y 050 )95 ohag e Jelge jl ogllae 20
2 Jolse opl ilize Il g Ly bglske cusS w08 £95 5l

dg— )I.)u_i.go o)')LwI 9 ALL.»_“: bl_..s d—’)}b‘-’ b)_ﬂo:— & g—oro
Jbes 3 0LS 93 Sflom 3y Sas ggoime (pyidi «Sjglen

« -
«—

<M

|

P

[_

TP (1:1)
T:P(1:2)

i
k.
—
=
[_

T:F(1:1)
T:P(2:1)

Catfle m anure

0 yhw! g i S 590gm 35S 13 345 £45 g bbb CuiS I -0 S
Fig. 5- The effect of intercropping on biological yield of trigonella and psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant. Colorless columns and dark
columns show mean of Trigonella foenum-graecum and Plantago Psyllium, respectively.
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Table 2- Effects of fertilizer type and intercropping with trigonella on percentage of mucilage and inflation per mucilage of

psyllium
(5 o) 3Howge @5 12 (152 095 (72) Mg 203 355 &9 bylses cuis
Inflation per gram mucilage (ml) Percentage of mucilage (%) Fertilizer type Intercropping
60.62% 27.52% M P
61.57¢ 27.33% M TP (2:1)
45.19° 17.33° M TP (1:1)
44.7¢ 17.27¢ M TP (1:2)
59.06° 27.6° | P
57.442 27.5° I TP (2:1)
46.13" 17.50° I TP (1:1)
44.04° 17.41° I TP (1:2)
57.85° 17.58° C P
58.36° 17.71° c TP (2:1)
45.70 17.38" C TP (1:1)
44.43° 17.30° C TP (1:2)

ipdy S TTP(1L) o)yl cindy 5 g b iy 95 bgliee oS (TP(2:1) callis Lol cusS i T o sl 365 1C (s 565 11 (s 358,55l 1M

At I xe AU 1B cliio gy (gl)ls (N=F) :Silio pdlio ¢yt o > ol 0] yhusl nd) 93 g Al ndy 5 TP(L:2) w0yl ciydy K g alibis

(P>+1-0)

Intercropping of M, indicant manure fertilizer; I, integerated fertilizer; C, chemical fertilizer; T, monoculture Trigonella; TP(2:1),
TP(1:2), two line Trigonella and one line Psyllium; TP(1:1), Intercropping of one line Trigonella and one line Psyllium;

Intercropping of one line Trigonella and two line Psyllium. In each column, mean values (n=3) with the same letters have not
significant differences (p>0.05).
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Fig. 3- The effect of intercropping with trigonella on inflation factor with psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella and Psyllium,

respectively; and the numbers in parentheses represent crop pattern of each plant. M, I and C are abbreviations of manure, integrated
and chemical fertilizer, respectively.
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Fig. 5- The effect of intercropping with trigonella and fertilizer type on mucilage yield of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P are abbreviations of Trigonella Toenum-graecum
and Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.
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Table 4- Rotated factor loadings of psyllium growth indices using Quartimax rotation to extract four principal components
(factors) along with their communality, descriptive variance and cumulative variance of total dataset

o Jgl Jele P93 Jole Pow Jole ok Jole STl
Variable First factor Second factor Third factor Fourth factor Communality

MY 0.971 0 0 0 0.963

M 0.967 0 0 0 0.948

IM -0.873 0 0 0 0.777

HI -0.826 0 0 0 0.769

| 0.762 0 0 0 0.666

NLB 0 0.930 0 0 0.914

GW 0 0.927 0 0 0.892

LS 0 0.770 0 0 0.659

GY 0 0 -0.902 0 0.968

NSS 0 0 -0.884 0 0.935

BY 0 0 -0.837 0 0.972

NS 0 0 0 0.973 0.956

H 0 0 0 0 0.950
o33 ) 474 2.66 1.91 1.06 -

Eigenvalue
) s b sty 311 22.0 18.3 8.3 -
descriptive variance

D 311 53.1 714 79.7 -

Cumulative variance

22> M 0 sl SHhgo 3, Sas MY iloss eslital gols joudd sl < IVe J) 3550 sloadlie (g oS 5 00d i p0 SasS & Sl alhe (g ool o L jeiie
5w :NSS ails 5, Slae :GY b Jobo : LSl jlia 55 : GWe by aals :NLB 55 )96 2l ccilyyy (adli s HIMuwge p,5 12 55 555 (IM 5 Muange
)l H g &g 53 Al 3w NS (K jolan 5,8l BY s j> aily
Based on factor loadings, growth indices were arranged from the largest to the smallest values, and only factor loadings greater than
0.70 have been used to interpret the results. MY Psyllium mucilage yield, M :percentage of mucilage IM: inflation per gram

mucilage. HI: index harvest, I: inflation factor, NLB: number of branches . GW: 1000-seeds weight, LS : spike length, Gy: seed
yield, NSS :number of seed in spike, BY: biological yield NS: number of spikes per plant and H: height.
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Fig. 8- Two-dimensional coordinates showing first and second factors extracted using growth indices of psyllium
LS s 5o 559 : GWe ol 4315 :NLB 55,9516 11 ccuslyyy jasli s HI Mowsge £,5 52 53 )95 1M Mg 003 M o000l 5Masge 3 Slas : MY
)l H g &g 55 b 2w ;NS (S 5elgm 3,Slos BY b )5 &l luss :NSS iy 5 Sloe :GY el Jsb
MY': Plantago Psyllium mucilage yield, M :The percentage of mucilage IM: Inflation per gram mucilage. HI: index harvest, I:
Inflation factor, NLB: Number of branches . GW: 1000-seeds weight, LS : Spike length, GY: Seed yield, NSS :The number of seed in
spike, BY: Biological yield NS: Number of spikes per plant and H: Height.
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Fig. 9- Biplot diagram of first and second factors separating treatments based on growth indices of psyllium
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A2:1 88l 365 CBpunn ol e &y 05 y0ul (a3 93 5 alilid )3y S bglse oS 1102 ¢ 5,85 355 B yuno olyen &y 0 yhul iy K g allid (aydy S bgle
i3y Sy blsee cutS 0111 ¢ 35 365 G puas ol yan 4 0 il Lalls cuiS AP ¢ il 355 (8 puno olyons 4 0yl Cisdy Sy 5 Al (i3 53 bglis S
Ciydy 9 bolee i 10211 ¢ JI 365 G pan olyods s 0 yiul Crd) 93 g il Cndy 5 bglieo i 10112 ¢ JI 565 G pan slyods s 0 pinol Clrdy S5 g aliliis
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C1:1: Intercropping of one line trigonella and one line psyllium with chemical fertilizer , C1:2 : Intercropping of one line trigonella
and two line psyllium with chemical fertilizer, C2:1: intercropping of two line trigonella and one line psyllium with chemical
fertilizer, CP: monoculture of psyllium with chemical fertilizer , 11:1: intercropping of one line trigonella and one line psyllium with
Integrated fertilizer, 11:2 : intercropping of one line trigonella and two line psyllium with Integrated fertilizer, 12:1: Intercropping of
two line trigonella and one line psyllium with integrated fertilizer, IP: monoculture of psyllium with integrated fertilizer, O1:1:
intercropping of one line trigonella and one line psyllium with organic fertilizer, O1:2 : intercropping of one line trigonella and two
line psyllium with organic fertilizer, O2:1: intercropping of two line trigonella and one line psyllium with organic fertilizer, OP:
monoculture of psyllium with organic fertilizer.
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Introduction

In the cultivation of medicinal plants, employing practices that can increase the essential materials is of
necessary issues. Intercropping can improve the ecological diversity and stability in agro-ecosystems, increase
the yield and reduce the use of chemical compounds. In addition, application of integrated fertilizers on
agricultural soils may affect ecosystem sustainability, directly or indirectly, through changing the amount of
chemical fertilizers application. Integrated fertilizers not only increase the yield, but also prevent environmental
pollution. Accurate assessment of plant growth changes in various agricultural land management cannot be
achieved by measuring an individual simple parameter. For this reason, simultaneous determination of several
growth indicators can be a suitable method for monitoring the changes of plant growth in different conditions.
The use of multivariate analysis is a beneficial approach in agronomic studies, since the method can easily assess
the measured indices and more clearly interpret the results. Principal Components Analysis (PCA) or Factor
Analysis (FA) are among of multivariate analysis methods in which reducing the number of primary studied
variables is their initial aim. The purpose of this research was to evaluate the changes of psyllium growth indices
in different fertilizer treatments and different combinations of intercropping using multivariate analysis and
selection of the most sensitive growth indicator.

Materials and Methods

In order to evaluate the effects of different fertilizer types and intercropping ratios on the quantitative and
qualitative yield of psyllium, the study was setup as 3x4 full factorial arrangement based on a randomized
complete block design with three replications for each treatment over a period of 120 days. The treatments were
intercropping ratio (monoculture of psyllium, trigonella: psyllium (2:1), fenugreek: psyllium (1:1), fenugreek:
psyllium (1:2)) as the main plot factors and fertilizer types (cow manure, integrated fertilizer and chemical
fertilizer) as the sub-plot factors. In intercropping treatments, the amount of fertilizer consumption corresponded
to their intercropping ratio. Finally, 20 plants were randomly collected from each plot and were transferred to the
laboratory. Data obtained from the study were analyzed using multivariate analysis (Factor Analysis, FA).

Results and Discussion

Extracted factors were rotated by Quartimax rotation to set most of the factor loadings on the first factor.
Factor analysis led to the selection of four factors with eigenvalue greater than 1. The eigenvalue of fifth factor
was 0.981, so it was not considered in the analysis and interpretation of data. The first, second, third and fourth
factors were accounted for 31.1, 22, 18.3 and 8.3% of the variability of the data, respectively. These three factors
explained 79.7% of the original variability, totally (i.e., variance). Consequently, four factors were retained to
represent the original variability of the dataset. The first factor had 5 highly weighted variables with positive
loadings for mucilage yield, the percentage of mucilage and inflation factor and negative loadings for other
variables. The first factor, which included most of the qualitative and quantitative indicators as input variables,
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clearly separated fertilizer treatments. Number of branches, during spike and the weight of one thousand seeds
loaded heavily on the second factor with a positive loading for all properties. The second factor noticeably
discriminated intercropping treatments. The effect of fertilizer treatments depended extremely on intercropping
ratio, due to positive interaction between fertilizer type and leguminous symbiosis. However, the positive impact
of fertilizer treatments was only related to appropriate intercropping ratio (1:2), probably due to suitable space
for psyllium growth.

Conclusion

Factor analysis was used successfully in discriminating the effects of fertilizer type and intercropping on
psyllium growth indicators. As a result, psyllium qualitative and quantitative properties were positively affected
by the first and second factors. The first and second factors were clearly affected by fertilizer type and
intercropping ratio, respectively. Therefore, these factors can be used for improving psyllium growth and
increasing its quality. Moreover, application of integrated fertilizer not only increase intercropping efficiency,
but also reduce environmental pollution.
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