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Water absorbance features of mucilage on the seeds of a desert ephemeral plant,
Plantago minuta Pall. , and its role in germination of the seeds under drought

stress
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Abstract: In order to understand the water absorbance features of mucilage on the seeds of Plantago minuta Pall. and the
role of the mucilage in adaptation of the seed to drought edaphic condition during germination stage, the physical feature
related to water absorption of the mucilage, percentage germination of the seeds with or without mucilage in a range of iso-
osmotic PEG( —1.54 ——11.54MPa) solution were tested under controlling condition. The results showed that the weight
of mucilage was 5.6% of the weight of seeds, and the mucilage was able to absorb an amount of water of 217 times of its
own dry weight. In deioned water, the water absorbance of the seeds with mucilage was increased from 2 times to 14 times
due to the mucilage materials, indicating a role of the mucilage in keeping sufficient water for germination. Furthermore,

water absorption of the mucilaginous seeds reached saturation in 2 hours after being submerged in deioned water, and the
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water saturated seeds were dehydrated to their original dry weight in 48 hours after being exposed to air at room temperature.
Third, the germination potential on the 3™ day and the total percentage germination on the 10" day of seeds with mucilage
were significantly greater than those of seeds without mucilage under mild osmotic stress PEG solution ( — 0. 33 —
—0.15MPa) or deioned water conditions. Under stronger osmotic stress ( — 1. 15 — — 0. 73MPa), the germination
potential on the 3™ day for mucilaginous seeds was significantly lower than that of the seeds without mucilage. There was no
significant difference in total percentage germination on the 10" day between the seeds with and without mucilage. These
results indicated that mucilaginous material on the seeds of Plantago minuta Pall. might absorb water from the seeds instead
of from PEG solution under drought condition, which resulted in detainment of the seed germination. It is concluded that
mucilaginous materials on the seeds of the plant plays a role in regulating seed germination by adjusting water acquisition of
seeds in desert habitat where soil moisture fluctuates violently in early spring. Such strategies may help the plant to avoid
the risk of drought stress or even extinction of the population brought by coinstantaneous germination of a large proportion of

seeds.

Key Words: desert plant; seeds mucilage; drought stress; germination regulation; Plantago minuta Pall.
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TR TR EDRRY) R E B R IR T ORBOR 1 T35 1 L] DA BRS04 MR K Bh 28 R R K h 25
B :
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B = ﬁﬁﬁﬁ%ﬁgg? /Zggﬂ@ﬁ'?ﬁ « 100%
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Fig. 1 The morphological features of dry seeds and seeds emerged in deioned water for 1h of Plantago minuta Pall
a: THERET RSB T (Z2) MITCHBRN T () 51 b FE R B /K P BRI 1h 5 RS BRN T (Z2) XKW T (F) FiE e THRRET
RS YRR T (Z2) FNTCHRBORN 7 () JBLIET 5 - 7E R B /K FPERE 1h 5 RS BORN T (Z2) B TCHWRN T () BB

a: back of the dry seeds with (left) and without ( right) mucilage; b: back of the seeds with (left) and without (right) mucilage that emerged in the

deioned water for 1h; c: abdomen of the dry seed with(right) and without(left) mucilage; d: abdomen of the seed with(right) and without(left)

mucilage that emerged in the deioned water for 1h
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Fig. 2 Time-course of water suction of Plantago minuta Pall. seeds with (sdid square) or without (open square) mucilage material and water suction

of the mucilage (open triangular)
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Fig.3 Time-course of dehydration process of Plantago minuta Pall. seeds with (solid square) or without (open square) mucilage and dehydration

process of the mucilage material (filled triangular)

F1 HRWEINERTFEENRKEE S W Tk
Table 1 Contribution of mucilage to the dry weight and the water absorbance of the seeds of Plantago minuta Pall.

RGP T AR (% ) RGO TR K B AR LB (% )

FhF Seeds Proportion of components Contribution to water Wateru{fl?s(jr%hﬁc(e% 2imes)
of mucilage seed (% ) absorption (% )

KE¥ i Mucilage materials 5.6 81.1 217.1

TR B FhF Mucilage-free seed 94.4 18.9 2.0

KB FhF Mucilage seed 100 100 14.1

/NEERTRBOA T _E ORI R B AR R T BT T E R 5. 6% , (H IR K B R B RLRZS BRSO 5 1Y)
IR 81.1% Kk BRSBREI TR (R 1) o AT ILRE RSB BRAE M 7 T E B LLERMR, B4R 7 1)
ook 2375 T BITAE BV FR AN 25 280 o
2.4 TEHE TR BN TR T8 R B

WEBELTHR/NERI T 3d MARFHAWER (K 2) . EBEHN -0.15 ~0 MPa KT, KW FH
TR ZFHSY B E R TIN5 7E - 0. 33MPa IPRSIURH T FIJCHE RN T K 2P 3 2 (] 22 5 AP 3, R
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FhF IR ZFH N (60 £8) % , TR AT T K94 (50 £11) % s BB EHGAF] - 1. 15 ~ -0.73 MPa i, KA
0 5 25 T B R TR T R 2R (3R 2) .

REWURF AR R 7 10d BRI AR R SN B EH MR R MR 5 3d ZZFHMF A (&
2) : HEEBBHHIER ,/INERDRE R T RITOR R 7 B85 & 3R 2 T R %, BT 5 8 /N ERTEE &
HHBHMHEEM. 1 -0.33 ~0MPa BFERSRT KB T H 07 A R E & TR 7 2R 48
FEHy —0.73MPa i K55 ORI T BB R R Z A2 R AR R BB EH N - 1. 15MPa B K5
THEREZMT IR T, HERREBEKF, LRGRRMRBELTRREBRNTRMET A
W A T b DR B A, T 1R 98 W2 P, RE 00 T 7 7 BT AR/ N R B R 2F SR R 8

MK 2 AT AT B, T XA KB R IO 110 = , 7E KB E%( - 0. 15MPa il - 0. 33MPa) fif
HE B RS HADK PR T B AR ERALE  HER —NBEBFA T TR L RIEAEE
R T IR TR o UL BRI R 77 7E B A/ N R R T REAS B 32 BE KRR I I T 5 e o

R2 TRABEBFGET/MENHFHBERRER

Table 2 Total percentage germination in 10d and potential germination under different osmotic potential levels in 3d of Plantago minuta Pall.

seeds with or without mucilage

PEG 4b 3 T Seeds 3d RZEH 10d K ZEHR
treatments( MPa) Potential germination on the 3rd day( % ) Percentage germination in 10 days(% )
0 -M 58 +11 73 11
M 78 £5 953
-0.15 -M 35+13 58 +3
M 83 +11 88 +6
-0.33 -M 50 +11 55 +6
M 60 +8 853
-0.73 -M 385 539
M 20 +7 55 +5
-1.15 -M 20+9 28 +11
M 83 25 +3
AR 543 HT Analysis of Variance
A TR W) it Mucilage NS % %
F 5 AL #E Drought treatments ® % * %
R BT x PEG 4b 3 . NS

Mucilage x Drought treatments
R RBG R P HE + bR 5 + « RRTE P =0.01 INAFSLIE AR Z M BE, NS RARERAEE; - M KRBT M ER
KW AP  Data showed Mean + SE; * s indicating significant difference at P =0.01 ;NS indicating no significant difference; -~ M and M represents

seeds of Plantago minuta Pall. without or with mucilaginous material

2.5 BGRBHTHBMFEARBELRME T HWHENS

ARIFBBME KT , AR KN ERTF T 10d B985 & REEE I E K TR R s (8 4) 57
-0.33 ~0 MPa BB HSSM T ,/NERTRBR FI7ESE 2 RIFRIH A, HRE T4 3 2 6 RiXFIH LK K
fH; H4BEH N -0.73 ~ —1.15 MPa B R5BFN 755 3 RAFF R K, IF HFRZE 9d AR 2 R & KME, K3
T4y & FIAFAE o
3 itig

FeE B Y T EBEPE0 ~2em KR, HTEHESEXN EWRERTR,RES SBEE
TR T EA T FESERFEZ S, AT EN B EZ TR . Fit, 7R EERKEA —E R
TKFGRIK BE ST RS R BB 1 2 T S A ) A 38 B T R A — P A S P . B RTE &8 s
Yy R SR B KR T

MALFEH B R BRI B R IRIER YR, PR R MRS, EAFERH
M R TR BRI AR o B TS AT ORGS0 400 R AR o R A7 SRS AS ], R )2 0 I 7K 35 58
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Fig. 4 Dynamic of percentage germination during 10-day incubation of the seeds of Plantago minuta Pall. with (solid) or without (circle) mucilage
when moistened with 0(a), -0.15(b), -0.33(c), -0.73(d) and -1.15(e) MPa PEG solution

B E R e LR LSDO0. 05 fUfE  The dark bars on the top of each figure show LSDO. 05 values ( SAS, Version 6.12)

TR BE AT BEFFAE — B 22 5, RS W %) Fh T8 2% [ B KK 3B SRR st &% AR R o 10, 3 28 47 3%
Fh T RGBT AT AR ERAS B T2 10 25 A5 R0k 4300 s TRLEE R 0. 24 BB ALE BRSO T REIRK 15 4%,
RSB TR BB MR 124 £3589k 200 s B sman o P 048 3 AR AL 8 IO A 7398 RARFI AR, BERS IR IBUAR 24 T4
BFE 110 Rk o ARSLHrp  /INERTF PR B AL SR T B ER A 5. 6% , {HEEB I
H 5T 217 45 507K 4, 3 B XK R Fh T 17K 4 FTok Ak 81. 1% , 3 HLAF 7K 2 iR 45 8 /1 7T 3% 48h (3
2. & 2. 3) , ] WL/ NERTRD RSB R oK BB T FE R B/ N R R B T R AR M IEE R TR E R
IR AT T R B EEIVER

IR RFCEHX AT R MEBERE Y, SRR T & TR R EE NI R R EEW
H A RITT R, ABFTa: RR I, KR R TR TRk F A & B R - B A B i T R e
T KB R AR AP TR A R A MUK G T T 5 e 4 b 755 & BRI , T4 R i -
TE W WK B & 5 [RIRE Y0 IR ) 47K R 3o 77 T 52 A0 R B e B B33 rp 8 280 A PR R K T AR 28 T Bt
BKFET:, BRH5TE TR S0 24ANRIREE T 575 BRI , K5 9000 3R B 5 MR K PR 5 - 4 K 4, o
FHEBRIK TS BWD, NTEE T /NERF FHRER, B#R THFAEELARPHRMHFL(E L), &
PRI X VD BRI 45 R I R T L TOR B T B R R Rk R ENg , SRR, KB B
Joir 3T RV RR B R SR TN R R B T IOR R T (B2, A T2 il A2 B A s, R v o %o b+
W & B 2 T S B 40 AR, B D oRG VR R A TE R AR /N ZE R SR B TR B B Y B M N AL A
Gutterman"* I\ 3y Negev VDY ) — 4R LE B R T- B8 BRI BH R HLH] : T8 B0 58 (cautious strategy ) FIHLIE XT3
(opportunistic strategy) . TAFFEEEREI, /NERT R 7ERS P TRHE BT, 28 R X AS [8] B PR 48 45 AR B T R
TS [F B & SR : ZEARB B H R T /N RSB 1R PR B & 1 R m , SR s A 2, Fh A R 7R R 1Y
IR A AE S B 18] PN G B & 5 T 2435 325 e 5 B AR KT, 7 DU SR B RURS: 43 P SR WS, R B A - IR 784, it
%, LASHE G R A0 SR BRI 5 A R RRE K 46 i A B , AT 6 b 1 0 SiE B B8 LA B R @ BT e o K P A 2 S
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22 ) 2 A R Ao R R TR MR MK i SO B 58 AR Ak, 2 T A 66 o BRI 1 A B % W 5 28 PARBIR T 445 A S B
o Martinez-Ghersa “* Ay , MR F %o S M1 2 () 90558 PR 28 A A0 BE , T LK o740 o 8 BE PR BR R O
PRIRPIFHISTY o PIRRORRIS T BB AIR DU T R ph T 31358 28 Al 7 338 PR i AR 252 gk B3R A IR A9 15555 T 48
M o BIANTRBEIRBR B FP - 1E SN SRR BE AR MR B R AL B &, i B PRI i - ZE S0 R B K 9027 2% 1
BOB S W A AT BEARFHRIROR A o 33k S fin B s PR BIR R BE Y B 355 R 7 S 9K R RV ) o B 35% 15 5 ARG ATL
B ISR , ORI AR T R 40 T S B OSBRSS B, T K T IR B 1
3 ( -0.33 ~ —0.15MPa) T, /NERPH A T8 & 3k 85% KA bo BEBASMNARSEE B, /N ERTFI 7 R
FI R B ORRRAR S, e Pk 1] Py BIVIA BB R A R 3 T E R B & ( - 0.73 ~ — 1. ISMPa) i, /N R -
0 1y TR BEARHRAR S AL W e R BRI R o MM SR 515558 3 RO RO A 8 2 EL 0 S W B 9 358 A AR E 4L
MZER o AT LA /N RIS WORR T B A7 7E — R SR (5 5 B BB , X AR AL A 2 Am2 P 1 2R T AR R
YIlR o Hh T U BEAR Y A B R R 7 B K a0, R YR X S SRR o0 9 FEAR AR BE )RR ORISR 35 b - B R BIR
PARHA % o KSR BOSER — 1> o S SR IR R K R , BB 1) iR 15 B 2 B 1~ LK 0 B P T IR i he 22
ARBTCIELERF AT K G0 o P FDRS T SR VR4 Fob 1 1 2 S SRR ) 20 0 0 8 T R 3 o AR 42, LR
Xt RGP R AE RIS A AF B A T IR AR AR b8 5 L LA S AT SR A ) I A A i AR M Z B D B T
HE—FHIBT
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