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Morphology and intermittent germination characteristics of two types of

synaptospermy: A case study of Tribulus terrester and Marrubium vulgare
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College of Grassland Environment Sciences Xinjiang Agricultural University, Xinjiang Key Laboratory of Grassland Resources and Ecology, Urumqi

830052, China

Abstract: Female plants protect and adjust their offspring through the morphology of synaptospermy after withering. This
adjustment provides elasticity and guarantees heredity and reproduction for a given species. Synaptospermy is a critical
characteristic of desert plants that evolved as an adaptation to harsh environmental conditions, and may have important
ecological significance for the protection of seed function and cross-pollination between plants. Knowledge about this
characteristic of the plant life cycle would increase our understanding about the adaptation strategies of synaptospermic
plants in desert environments. Synaptospermy involves the joining of two or more seeds or one-seeded fruit to form a
compound dispersal unit. This adaptation is common throughout the plant kingdom, but is largely restricted to arid regions.
Out of the many morphological-ecological types that have been distinguished among synaptospermic plants, only a few are
mentioned here. Synaptospermy is primarily derived from monospermy. Thus, this adaptation represents an advanced

evolutionary stage associated with (1) the degeneration of separation tissues in pods, legumes, loments, and capsules, (2)
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the formation of abscission tissue in the joints of peduncles and pedicels, and (3) a series of other characteristics. In fact,
synaptospermic species are found in genera belonging to phylogenetically advanced groups within their respective families,
such as the Brassicinae, Galegeae, Hordeae, and Paronychieae. Fruit that contains synaptospermic seeds are able to
establish physiological gradients; thus, spreading germination over time (a major advantage). The dispersal and spreading
of germination over time ( polyphenic germination) allows a mother plant to reduce competition among its offspring.
Polyphenic germination is especially pronounced in synaptospermic seeds. Synaptospermy may be divided into two
morphologically different types: (1) diaspores develop from the joined seeds of the carpels of one flower, and (2)
diaspores develop from the units of different flowers. None of these dispersal units, which contain up to several seeds in a
single diaspore, develops more than two seedlings in one season, indicating that all seeds remain together in the dispersal
unit, but are ready to germinate in different years; this phenomenon is called intermittent germination. The annual Tribulus
terresiris and the perennial Marrubium wvulgare are synaptospermic plants with dispersal units belonging to the two
morphologically different diaspore types; M. wulgare also disperses using seeds. Here, we conducted preliminary
comparisons and observations on the morphology, vigor, water absorption, and germination characteristics of each dispersal
unit. The results showed that mass, length of burs, percentage of appendages accounting for mass, number of seeds, vigor,
and water absorption all significantly differed among the synaptospermies of T. terrestris. Conversely, while mass and water
absorption significantly differed among M. vulgare dispersal units, no significant differences were observed for vigor,
germination, and germination rate. The position of germination in synaptospermy differed between plants. For instance,
seeds only germinated on the long thorns of synaptospermids in T. terrestris, indicating nonrandom germination, but no
regularity in germination was observed for M. vulgare, indicating random germination. In addition, under the conditions with
the highest germination percentage, only part of the seeds germinated in one season for both species, indicating intermittent
germination. For different plant life forms, the synaptospermic appendage has the same functions, e.g., protecting seeds,
retaining water, dispersing, and germinating. However, the germination behavior of annual plants focuses on population
reproduction ; therefore, the germination percentage of synaptospermy was high over the season for 7. terrestris. Conversely,
the germination behavior of perennial plants focuses on population dispersal; therefore, the dispersal units of M. wvulgare

showed diverse characteristics, with a low germination percentage for the dispersal units over the season.
Key Words:; dispersal unit; synaptospermy; morphological characteristics; intermittent germination
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Fig. 1 Morphology of dispersal units of Tribulus terrestris and Marrubium vulgare
(A) BEREGE G ST RY BRI B & UGG O B EATRRIC 5 (B) BN 2 B R A 5 A A (C) BRE R A B IR I R IR i
RIS £ EFTRRIC ; (D) BERE LASE S BRUA Y BN s (E) PR S BRIABT A et ; (F) B R0y B L
(A) Marked synaptospermies of Tribulus terrestris come from single fruit in sequence of maturing before dispersal; ( B) Single calyx tube of
synaptospermy of Marrubium vulgare; ( C) Marked the order of seeds by clockwise near axle of synaptospermy of Marrubium wvulgare; (D)
Synaptospermies compose the dispersal unit of Tribulus terrestris; ( E) Germination Characteristics of synaptospermies of Tribulus terrestris; (F)

Dispersal unit of Marrubium vulgare
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Table 1 Morphology characteristic of Tribulus terrestris synaptospermy (mean + SD)

ESEy JIliN i B R 40 o S 20 L 4L
Synaptospermy (n=100) Mass/g The percentage of appendage account for mass/% Number of seeds ( No.)

1 0.0512+0.0094a 61.78a 3.1+0.3a
2 0.0443+0.0110a 62.64a 2.8+0.4a
3 0.0305+0.0115b 61.54a 2.1+0.7b
4 0.0186+0.0086¢ 49.63b 1.3+0.8¢
5 0.0128+0.0083d 24.93¢ 0.5+0.8d
F 104.961 22.070 110.358
P < 0.05 < 0.05 < 0.05

1—5 S RS2 AL BRI AR BB AR R RS B3R 22 53 I3 (P<0.05)
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67% 83.33% J% 82.50% ,FF1E B E R (P<0.05,F = 102.437; & 2) ; BRE 25 AL A EHE R 11935 114351
20 72.42%F 71.96% , ANFEAE R E 225 (P>0.05,F = 28.597;K13)
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The position of synaptospermy followed by maturing

B2 EBEESEHEEENE;1—5 ARITAREERRE R
HESEEK; AR/NEFERTEREE (P<0.05)

Fig. 2 Comparison in vigor of synaptospermies of Tribulus
terrestris ; 1—S5 indicate the position of synaptospermy by sequence
of maturing per fruit; Different lowercase letters indicate

significant differences ( P<0.05)

2.3 EREH R KRR

Different dispersal units

B3 MEZEESYEASHFEALE, NEFBRRER
AEBE(P>0.05)

Fig. 3  Comparison in vigor of synaptospermy and seed of
Marrubium vulgare; Lowercase letters indicate no significant
differences ( P>0.05)
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5124 (0.0081+0.0002) g 1(0.0039+0.0002) g, A FEM i 3 2 55 (P<0.01,F = 21.109) , K@Y AFE 5 52
M Fp PR RE SRR R (E4) .
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4 EEEALHEGEREZE HBAMRKE; EELEEK 1 - EEEEFRS ARTNRUBERALANESEEL; (A) EEES
FHEEERKELER; (B) REZEESEEGNMFRAERR; ARANEFERIEREE (P<0.05)

Fig. 4 Water absorption of dispersal units of Tribulus terrestris and Marrubium vulgare; Synaptospermy 1-Synaptospermy 5 indicate the
position of synaptospermy by sequence of maturing per fruit; (A) Comparison in water absorption of synaptospermies of Tribulus terrestris ;
(B) Comparison in water absorption of synaptospermy and seed of Marrubium vulgare; Different lowercase letters indicate significant

differences ( P<0.05)
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Fig. 6 Comparison in germination of synaptospermy and seed of
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Fig. 5 Comparison in germination of synaptospermies of
Marrubium vulgare; Lowercase letters indicate no significant

differences ( P>0.05)

Tribulus terrestris ; 1—S5 indicate the position of synaptospermy by
sequence of maturing per fruit; Different lowercase letters

indicate significant differences ( P<0.05)
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Fig. 7 Germination rate of dispersal units of Tribulus terrestris and Marrubium vulgare; Synaptospermy 1-Synaptospermy 5 indicate the
position of synaptospermy by sequence of maturing per fruit; (A) Comparison in germination rate of synaptospermies of Tribulus terrestris ;
(B) Comparison in germination rate of synaptospermy and seed of Marrubium vulgare; Different lowercase letters indicate significant

differences ( P<0.05)
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(7] — A & AR N PR BERE BT 10 AR, S SR BAE ) 10 AR A S i A A 25 J2 of AN S M PR ) R
WAL, G BT R R RE , g TR TR R 22 e (1) BRALE . SRS SR RAE K
Ui AT ISR B B &, HLIR)— 865 ORI 2 2= R & — kiR 7 SR AR BELET & s TR 2 F A5 SR A
ANEAG A, BRI &, 5 Grielum humifusum , Aegilops geniculata }2 Mesembryanthemum nodiflorum 2§ 5%
GER B () WAL, RV AR G W SR B R R RR B A A AR AR 24 R B R
5 R A K R O3 B AR N B ) B DR — o B 4 B O R RRE AT RS i Al 3R A BRI A
Eal R & 5 Preranthus dichotomus M Buchloe dactyloides LBV AR Y OS] AR 3 R R A ) S A
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Bl s T 2 4R A B, H BT IR L SRR AE RN AT 0 TR A8 A A B SRR IG , 4R A4 i RERR T L)
KA AT A A B, ORI AR, SOOI VR T 2 2 TR

ol A4 TR IR B A 0] BE -5 b K8 15 VR A B 22 S AH G, 25 T Y R ZRARBIR ( primary dormancy ) | J&
M (after-ripening ) DL S R PR IR (secondary dormancy ) 45 — & FUBK R |, T FREE FLE A4 TR 2 02 AT BE 5 | A [a]
PR & SR 22— 1012350 ST AR B R ML 5 D 3 B 22 SR A B 1) S B0 48000

Bt AR L SO ARSI B E PR T SR L S L, AE SR R0 )RR
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