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Abstract

Field bindweed has an impressive array of survival techniques which has enabled it to
become one of the world’s 10 worst weeds. Throughout the past century, its invasiveness has
given major impetus to the development of selective herbicides and weed science in general.
This research was accomplished during 2005 to 2006 at Weed Resaerch Department, Iranian
Research Institute of Plant Protection for identification of morphoecophysiological variation
of field bindweed population, and introducing these weed biotypes in Damavand. The study
was done by Principal Component Analysis (PCA) and Cluster Analysis (CA) based upon 43
morphological and physiological variables. The most important variable was Leaf Area (LA).
Results of this study showed 16 biotypes in Damavand. The variability in morphological and
physiological of field bindweed biotypes may explain their different adaptability as the
environmental conditions and different managemant practices change. The reason of difficult

control of field bindweed is the high degree of phenotypic polymorphism within this species.

Key words: Field bindweed, Biotype, Cluster analysis, Principal component analysis.
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\— Convolvulus arvensis
Y- Cynodon dactylon

Y- Cirsium arvense

¥- Senecio vulgaris

0- Portulaca oleracea
#— Sorghum halepense
V- Amaranthus spp.

A- Setaria glauca
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Table 1- Morphophysiological variables evaluated for 60 plants of field bindweed

Variable Unit & Code
Shoot Number Numeric
Shoot Fresh Weight (SFW), (g) Gram

Shoot Dry Weight (SDW), (g) Gram

Shoot Water Contant (%) percent

Stem Dry Weight (g) Gram

Leaf Dry Weight (LDW), (g) Gram

Root Dry Weight (RDW), (g) Gram

Whole Plant Dry Weight - Biomass (g) Gram

Collar (Crown) Diameter (cm) Centimeter
Leaf Number (LN) Numeric
Leaf Area (LA) Square Centimeter

Chlorophyll Concentration (spad)
Shoot Root Ratio (S/R)

Specific Leaf Weight (SLW)
Specific Leaf Area (SLA)
Specitic Leaf Chlorophyll Weight (SLCW)
Leaf Weight Ratio (LWR)

Stem Weight Ratio (SWR)

Root Weight Ratio (RWR)

Leaf Length (cm)

Leaf Width (cm)

Leaf Length Width Ratio

Basal Lobe Length (cm)

Basal Lobe Width (cm)
Basal Lobe Length Width Ratio
Petiole Length (cm)

Leaf Tip Angle, Leaf Apex Degree (D)

Trichome Density

Leaf Colour

Spad

Gram/Gram
Gram/Square Centimeter
Square Centimeter/Gram
Spad/Square Centimeter
Gram/Gram

Gram/Gram

Gram/Gram

Centimeter

Centimeter
Centimeter/Centimeter
Centimeter

Centimeter
Centimeter/Centimeter

Centimeter
°Degree

1. Low (1)

2. middle (2)

3. High (3)

1. Light green (1)
2. Dark green (2)
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Table 1 continued- Morphophysiological variables evaluated for 60 plants of field bindweed

Variable Unit & Code
Leaf b Coefficient Numeric
1. White (1)

2. White-Low pink (2)

3. White- Middle pink (3)
4. White- High pink (4)
Flower Diameter (cm) Centimeter

1. White (1)

2. White-Low pink (2)

3. White- Middle pink (3)
4. White- High pink (4)

1. Stigma under anther (1)
2. Stigma upper anther (2)

Flower (Petal) Colour

Flower Line Outer Colour

Stigma - Anther arrangement

Stigma Length (cm) Centimeter
Anther Length (cm) Centimeter
1. White middle, White margin (1)
Anther Colour 2. White middle, Red margin (2)
3. Red middle, Heigh Red margin (3)
Flower Length (cm) Centimeter
Calyx (Corolla) Diameter (cm) Centimeter
Pedicel Length (cm) Centimeter
Total Flowering Rate Numeric
Flowering Time Day
Time to Flowering Day

St e i a5 Somy Camer Sduting 160l ko 5 420

a5 ) eslinad b vt slabss 5 o e (bl (la Ul Jan s Lol (slaadl so
o=l s LIS Sl ol s RES s sk 4Ll fby'\ (Cluster analysis) (gla 4=
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\- PCA
Y- Between-groups linkage
Y- Squared Euclidean distance
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Table 2- Total variance explained for 12 components of population of field bindweed in Damavand

Initial Eigenvalues

Extraction Sums of Squared Loadings

Component
Total % of Variance = Cumulative % Total % of Variance = Cumulative %
1 9.485 22.059 22.059 9.485 22.059 22.059
2 5.112 11.888 33.947 5.112 11.888 33.947
3 4.658 10.833 44.780 4.658 10.833 44.780
4 3.361 7.815 52.595 3.361 7.815 52.595
5 2.654 6.171 58.766 2.654 6.171 58.766
6 2216 5.154 63.920 2216 5.154 63.920
7 1.916 4.456 68.376 1916 4.456 68.376
8 1.641 3816 72.192 1.641 3816 72.192
9 1.463 3.402 75.594 1.463 3.402 75.594
10 1.308 3.042 78.636 1.308 3.042 78.636
11 1.136 2.642 81.278 1.136 2.642 81.278
12 1.082 2.517 83.795 1.082 2.517 83.795
13 979 2277 86.072
14 .876 2.038 88.110
15 730 1.697 89.807
16 .667 1.550 91.358
17 .606 1.408 92.766
18 .509 1.184 93.950
19 426 991 94.941
20 .350 815 95.755
21 337 783 96.538
22 279 .650 97.188
23 244 .566 97.754
24 .206 478 98.233
25 .190 441 98.674
26 159 .370 99.044
27 121 281 99.325
28 .081 .188 99.513
29 .072 .169 99.682
30 .058 135 99.816
31 .036 .084 99.900
32 .017 .041 99.941
33 .009 .021 99.962
34 .007 .017 99.979
35 .004 .009 99.988
36 .003 .008 99.996
37 .001 .003 99.999
38 .000 .001 100.000
39 7.89E-005 .000 100.000
40 4.04E-006 9.39E-006 100.000
41 6.84E-016 1.59E-015 100.000
42 1.53E-016 3.57E-016 100.000
43 5.40E-017 1.26E-016 100.000

Extraction Method: Principal Component Analysis.
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Table 3- Principal components matrix of field bindweed population in Damavand using PCA

Component
1 2 3 4 5 6 7 8 9 10 11 12
Shoot Number 426 -.030 244 -.344 102 .012 -225 -.075 .203 354 .200 -259
Shoot Fresh Weight (SFW), (g) 705 -.066 101 444 .052 181 .320 .043 227 .073 .093 .035
Shoot Dry Weight (SDW), (g) 906 .050 .362 .010 152 .053 .005 .001 -.002 -.033 .033 -.054
Shoot Water Contant (%) -.290 -.116 -.289 .538 -.103 173 464 .066 301 143 .098 101
Stem Dry Weight (g) .864 170 401 .007 .103 102 -.020 -.061 -.005 -.052 .020 -.046
Leaf Dry Weight (LDW), (g) 909 -.079 .304 .012 .196 -.001 .032 .066 .001 -.012 .045 -.060
Root Dry Weight (RDW), (g) .685 -.646 -122 .054 253 -.015 -.013 -.007 -.006 .054 -.006 .030
Whole Plant Dry Weight - Biomass (g) .858 -426 .068 .042 239 .012 -.007 -.004 -.005 .023 .010 -.002
Collar (Crown) Diameter (cm) .063 -451 .250 188 -.128 189 -.067 -.225 .051 442 -.127 282
Leaf Number .836 -.003 .362 110 -.003 .013 -.025 - 111 -.035 116 -.066 -.102
Leaf Area 936 -.124 212 074 -.068 .021 -.023 .021 118 -.028 .036 -.108
Chlorophyll Concentration (spad) =217 -.223 .300 367 280 233 299 .080 224 -171 .013 .051
Shoot Root Ratio (S/R) -.073 .801 .505 134 -.088 129 .070 -.091 .042 .038 -.065 -.025
Specific Leaf Weight (SLW) -229 243 282 -.129 137 -.004 178 137 -.324 .081 .003 175
Specific Leaf Area (SLA) 245 -.159 -222 .186 =750 .049 -.157 -.123 .356 -.058 -.012 -.159
Specific Leaf Chlorophyll Weight (SLCW) -.893 .049 -.095 .072 .143 .060 174 9.18E-006 .037 -.042 .027 .034
Leaf Weight Ratio (LWR) -.092 796 494 .019 -.104 .020 .106 112 .042 -.010 .014 -.094
Stem Weight Ratio (SWR) -.081 .823 465 .036 -.143 158 011 -.115 .017 -.036 -.038 -.034
Root Weight Ratio (RWR) .088 -.840 -492 -.030 133 -.109 -.048 .031 -.027 .027 .019 .059
Leaf Length (cm) .588 281 -.162 -233 -.110 -.308 .050 .308 .078 179 -.260 228
Leaf Width (cm) .386 462 =727 133 .031 144 .004 -.056 -.032 .050 -.059 -.043
Leaf Length Width Ratio .092 -.250 .610 -314 - 111 -.370 .046 316 .094 .025 -.190 203
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Table 3 continued- Principal components matrix of field bindweed population in Damavand using PCA

Component
1 2 3 4 5 6 7 8 9 10 11 12

Basal Lobe Length (cm) 236 381 -.478 -.318 .092 -.304 354 -.020 .286 221 -.052 .007
Basal Lobe Width (cm) .548 428 -483 .109 -.169 .083 .046 .098 -.054 .075 .027 211
Basal Lobe Length Width Ratio -.174 .078 -.158 -.425 204 -.404 .389 -.108 361 .182 -.101 -.185
Petiole Length (cm) .509 -.064 -.155 -.036 -.003 -.102 .290 .169 -.349 -.244 -.230 -.341
Leaf Tip Angle, Leaf Apex Degree (D) 171 .306 -.636 274 137 264 -.139 -.366 -.095 .140 .007 -.087
Trichome Density .130 218 -.071 .034 -.133 126 -.366 .570 -.061 .296 433 -.060
Leaf Colour -.092 -.083 493 .163 217 297 -.113 -.256 256 -.016 -.356 120
Leaf b Coefficient -.463 -.559 453 .024 -.008 116 -.004 .002 .070 -.250 .250 -.108
Flower (Petal) Colour -.122 -.100 268 204 -.396 -.379 .304 .078 -.349 .093 257 -.032
Flower Diameter (cm) 436 229 -.128 127 .280 -.301 .062 -172 .194 -.353 237 .050
Corolla Nerve Colour -.158 -.321 223 233 -.425 -.004 260 -.083 -.196 213 -.309 -.219
(Flower Line Outer Colour)

Stigma - Anther arrangement -.072 .022 -.088 342 362 283 158 465 .026 280 =115 -.188
Stigma Length (cm) 375 203 -219 .303 -.041 164 -.113 337 .167 -.323 .005 .133
Anther Length (cm) 335 .035 .145 -452 -.351 -.067 .003 -.038 .187 -.110 122 424
Anther Colour .023 -.075 272 381 -.190 -.279 465 -.121 .004 122 353 -.029
Flower Length (cm) .614 122 -.231 .193 -.055 -.299 128 -.231 -.181 -.269 -.078 -.056
Calyx (Corolla) Diameter (cm) 185 182 .059 224 .198 -.160 -.024 -.457 -.326 230 212 .304
Pedicel Length (cm) 313 -.059 .021 405 -.365 .053 .050 185 -.294 -.023 -.225 258
Total Flowering Rate 184 -.078 -.186 -.396 -.031 .501 479 .056 -.022 -.153 .088 179
Flowering Time 227 -.080 -.050 -.626 -.174 523 .340 -.064 -.176 -.021 .106 .029
Time to Flowering -.238 112 .004 .670 .230 -.459 -.179 136 136 -.072 -.047 .107

a. 12 components extracted. (Extraction Method: Principal Component Analysis.)
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Table 4- The most important morphophysiological variables for separating biotypes of field bindweed population in Damavand

Variable value
Important variables for separation of biotypes Minimum Maximum Mean Unit

in component

Leaf Area (LA) 0.936 1088.47 3094.49 2122.63 Square Centimeter
Leaf Dry Weight (LDW) 0.909 6.06 16.64 11.82 Gram

Shoot Dry Weight (SDW) 0.906 12.27 33.69 23.93 Gram

Specific Leaf Chlorophyll Weight (SLCW) -0.893 0.0116 0.0365 0.0193 Spad/Square Centimeter
Stem Dry Weight 0.864 6.21 17.37 12.11 Gram

Whole Plant Dry Weight-Total Biomass 0.858 25.27 79.56 50.17 Gram

Leaf Number 0.836 474 1301 923.73 Numeric

Shoot Fresh Weight 0.705 52.96 140.21 88.86 Gram

Root Dry Weight (RDW) 0.685 13.45 53.35 26.24 Gram

Flower Length 0.614 1.90 2.90 2.34 Centimeter

Leaf Length 0.588 4.40 8.00 6.24 Centimeter
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Fig. 3- Relative importance of variables in distribution of field bindweed
population of Damavand based on three principal components
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* %% *+HIERARCHICAL CLUSTER ANALYSIS* &%
Dendrogram using Average Linkage (Between Groups)of Damavand

Rescaled Distance Cluster Combine
10

CASE o 15 20 25

Label Hum
Case 19 19
Case 30 30
Case 1 1
Case 38 38
Case 41 41
Case 43 43
Case 44 44
Case 24 24
Case 32 32
Case 31 31
Case 45 45
Case 10 10
Case 21 21
Case 15 15
Case 17 17
Case 39 39
Case 49 49
Case 4 4
Case 22 22
Case 12 12
Case 55 55
Case 28 28
Case 48 48
Case 13 13
Case 29 29
Case 5 5
Case 26 26
Case 7 7
Case 11 11

Case 50 50
Case 51 51
Case 23 23
Case 25 25
Case 57 57

—
1T
.
I
I

s 2 —1

Case 40 40
“Case 3 3

case1s 16 — 1 |
“Case 22 42 H

Case 56 56
Case 36 36
Case 2 2
Case 52 52
Case 46 46
Case 9 9
case2r 2 — 1
Case 18 18

Case 35 35

Case 47 47

Case 54 54

Case 58 58

Case 34 34

Case 53 53 —I
Case 6 6
Case 14 14
Case 60 60
Case 59 59
Case 20 20

fum
CASE o 5 10 15 20 25
Rescaled Distance Cluster Combine

u}s}; e Mem e a X sles \_/<->h€: Carar Olio glad o 4 e 3l J.Jl;- r\)fjj.lj.:—f JS.'«':
Fig. 4- Dendrogram result from cluster analysis of field bindweed

population of Damavand using Between-groups linkage
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