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Effects of simulated precipitation. change on seed germination of Reaumuria

soongorica
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Abstract: Seed germination”is ‘considered to be the most important and sensitive factor in response to changes in the
moisture and heat phases during the natural process of plant regeneration. The northwest arid areas of China are drought
areas that are most sensitive to precipitation changes. Reaumuria soongorica, a super-xerophytic shrub, exhibits a strong
tolerance to drought, cold, saline-alkali soil, and barren landscapes, and is a long-lived species. Our objective was to
investigate how precipitation changes affect the physiological and ecological processes of seeds of R. soongorica to determine
the regeneration méchanisms and changes in the patterns of this key species. Seeds of R. soongorica were collected in the fall
of 2013 at the Linze Inland River Basin Research Station of the Chinese Academy of Sciences. We set up a growth-chamber
experiment with two factors; precipitation quantity ( natural precipitation as a control, reduction of 30%, and increase of
30%.) ‘and interval (time elapsed between two precipitation events, 5 and 10 days). Germinated seeds were counted daily
until the end of germination. The results showed that increasing precipitation (+30% ) resulted in a significantly enhanced

germination rate and germination potential by an average of 45.69% and 39.86%, respectively, especially when the
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precipitation interval was extended from 5 to 10 days (a single rainfall reached up to 6 mm). In addition, the germination
rate and potential reached their maxima by an average of 68.33% and 63.33%, respectively. Therefore, the rainfall
threshold for the germination of R. soongorica was determined to be 6 mm. The germination index and vigor index were
significantly increased by an average of 57.67% and 121% (P<0.05) , respectively, with increasing precipitation quantity
(+30% ). Extension of the precipitation interval under increasing precipitation (+30% ) resulted in a reduced germination
index and vigor index, but the effect was not statistically significant. Increasing precipitation (+30% ) under the extended
precipitation interval treatments accelerated the course of germination, and the germination periods were shorter. Reducing
the precipitation by 30% had no significant effects on the course of germination. Therefore, seed germination was mainly
affected by precipitation quantity, but the effect was dependent on the precipitation interval. Overall, the seed germination
percentage increased under a precipitation pattern of increasing precipitation ( +30% ) with an extended precipitation
interval, the breeding success rate and seedling establishment ability were enhanced, and seedling regeneration was
promoted. R. soongorica showed characteristics of delayed germination under the condition of natural rainfall and reduced
precipitation( —30% ) , which could increase the seedling emergence and growth of the seédlings under further favorable

environmental conditions and improve the long-term adaptability of plants to the environment.
Key Words: precipitation interval ; precipitation quantity; seed germination; seedling regeneration
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Table 1 Precipitation setting in experiment

b3 RAYUFEAK i/ (mm/ 1K) R K AR SRR 4/ mm
Treatment Simulated precipitation Precipitation frequency Total simulated precipitation
W-T, 1.47 6 8.82

W-T, 2.94 3 8.82

WT, 2.1 6 12.6

WT, 4.2 3 12.6

W+T, 2.73 6 16.38

W+T, 5.46 3 16.38

W, - H 7K i Monthly precipitation; W—,J#7K 30% Water reduction by 30% ; W+, lll7K 30% Water addition by 30% 3T, K& [8] B s [8] &7 5d
Precipitation interval is 5 days; T, ,F%ﬂjl'ﬂ FEmstE] R 10d precipitation interval is 10 days

1.3 Wi RFHEFR RO E KA
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B o AL PEN R FI5 S S B R (GR) K ZEH (GP) i A A8 E(GL) FUE 14850 (V1) |, 73 5il4%
TR AR EA LI K SE . CR=nx100%/N, 2 n 1N 5 51 K 875 % Fh 1 BOMIR K 2 F2 b BT I FR 7 B8
GP= mx100%/N, = m N 3 51 2 K 2 v W ) e ZF R 50R 3 50 o 2 b i L Fh - S 8L 6T =
N (Gi/Dr) 3 G HAESS ¢ KB T8 K AE, De A Get Y K ZE KB G S I Wb 1 & R 35
b, B R AR BOB A, P71 &l B AR, FE AR SR E T RBP4 5 V= GIxS, S Mt Y B B, ik
FEUR BT[], B AREFP IS 255 — R Fh 8 & Irg AR E . B & m gt ZE A & B v H i R e A s
B & FFLEIT ], IR 8 e 20 07 & 45 R s 1 R B
1.4 Zdnabi

K A 5558 WL 4 8L PR 25 97 2 43 BT (two-way ANOVA ) A6 38 A [1] [ T 2 60 946 TS 1) B BsF (] 7K O F 4 280
B 25 5 i 25 1, 24 A0 A F A S5 IR SR B R R 7 22438 (one-way ANOV A ) A6 56 AN [1] [ W9 0t 5 [ 9 1) ol s 1]
A FEXT £ SEN R s M AR W0, B AT 2 8 b, SR/ I 3 22 80K (LSD) B itk A I 254 1 2=
S5 R A A K RE R 0.05

2 #R

2.1 PERAS SR A X b B A T B R

XL Z2T5 22 73BT B BH | S R TR X o I 23R R R 2 SR A 0 S R i R R (] 8 B 1] B 9 2 19 28 BLAE
JHXSFR 587 A I 7R BE W (P > 0.05) (R2) . MBI AT LA i, FEF ] B o (] — Z0m) | Bl S R i
FRE I B 23R R 2F A RGN S Al a5 B DR O VA A AT R WD A SR N 30% W R R T R
KFH(P < 0.05),5 H IR A L, R R 2R -3 3 5 45.69% (39.86% 5 SR, K TR 9 /D
30% i H T R K S B EAR T 12.86% . 13.36% ,fHZEF AT E (P > 0.05), MIE 1 80 LIF 1, AH
[Fi) 56 Tt 2% 14 T o 1] o e ) P9 B BV o T o — 35034 R 1 R B R o (3R 1) S 20D A i R Rk 2
PR R T 11.61% (11.65% fH22 57 A W2 (P > 0.05) , UL BTG RS R A ] 2% 45 T I 2 1] gl 1] 3
UK RSPV o R S 1 IR R TR 3 AR I AR R R O R R T AL R R
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Fig.1 The germination rate and germination potential of R.soongorica seeds (mean + SE)
ARG g R TEAR R 4 R K ] B AL BT | K S 1 sl /b 5 %6 B ] 22 57t 55 (P<0:05) 5 AN R R 5 A8 38R M R B R 4t T, B /K T
ST X TR A Y 22 5 8 3 (P<0.05) 5 T FEF [ BAIT T g 5 T+ W R AL & RFE] A 10d 5 W2 PR BT 4k s W= FE R GBI D 30% 5 W [T ek 3
i 30%

R2 Pk Bk E R XTI Z RSN A E 50

Table 2 ANOVA of the effects of precipitation quand precipitation interval on index of seed germination

A8 AR Source of variation HH 2 GR RS CP WRIEE GI W HEE VI
[ 7K 2 x [ 7K 6] B Precipitation quantityXprecipitation interval 0.953 0.245 0.547 0.478
F47K £ Precipitation quantity 0.001 * 0.000 ** 0.000 ** 0.000 **
F& K [A]B% Precipitation interval 0.275 0.684 0.426 0.359

x FREBFEKFE(P < 0.05); = = FmP b F/KFE(P < 0.01) ;SRL; LMK Specific Root Length; SRA ; L i A Specific Root Area

2.2 AR AR Pl W R HR RN TS 48 B s

XUR 27 225 M 2 IR, JE o R s X P 17 2 P 500 00 35 R i), (L R N () o st 1) % R 25 1) 22 A G b 1
B R IFBA T AR EH W (P > 0.05) (FR2), NFR2 W LIAE H, SRR R3S 30% W 348 & T Fh 7 i & 48
B, RN ) i ) 2 R o 2, 5 A AR R TR M B, T R AR BT YR R 57.67% BTN s D
30% B RS T 8 A8 (H S AR BN R 2R A R E (P > 0.05) , WNE 3 BATLIAE W, [F— RN
SR T, IR 7K T B () ) A2 117 2 8 50040 22 B0 s 3 T i A Al 3 3 B DR/ A R R 30 R PR VR R /K o B
A T R S AR P R R

T 15 148 50T DUA LA 2 5 AR ROFAE RS B P AN R 3R A — B 20, Al DLl R R A
SN ME], FEF I R RS, R T LAt BRI 30% , BERRAR T R T INE iE R S
F AR B R A L, LR AR BOT YRR T 25.92% , SR, 6 Sk R4 TR 345 T 638 T 1] o o [ B 4 %) 175 0 o 00
NFREBGREN T KA, B & TR 03E 4R 50 P<0.05) .
2.3 PBRAKAEARXT b i A AR 1) B )

Zead 20d WSS WEIN & B, 2TRDFP IR AR B & i EE AR ERE ARG EE 2 A (3B 7 R—35 14 X) (£ 2),
B R R I A TR 10 RAEA (F2) 58 3 F (A 15 R—45 26 R) A TREE (K 2), 765 2 8 1%
T [ P s [] AR ] AR I 0 T, S8 F 15 0 3090 347488 1= 17 &0y 7 1+ 1 S 688 T (1] B8 B [ 4 40 Oy (8 38, 7

http ; //www.ecologica.cn



16 ] BASEI A N TS UL T AR R A2 X 2L 1 2 52 5387

IS 2 K, O B R ik 3] T 38.33% , HoAh 1 i S5 AU AR T 5d; SRR A9 30% 4544 Bl
R 7K [ B e ) A ZE S, b 1R P 25 R IR T 4d, 3R B AE K 8 K ] B 384 in R B /K A 0 4 = b 7 19
TR, ER 2 38T LIAE | A6 R I a1 0 8 W () R el ) 2 K P 0 T, 20D FAESE 7 RITF IR &, 9F
FESS 8 RIRIR BT 8 A e W | 3 W 572 V5 DX A A KR8 W =5 (4 A ) 20 b i 4l i A SRR

£3 TREREMEZBXTFIHREFERNZM

Table 3 The germination characteristics of two desert plant under different patter of precipitation

g e BRI AR T ] ] % fe W i [ . 5
i i R (CRAELE Da; )3vhen 0'erlrmjinalion Da; i/herll_l :rmjinzlion B S ASERT E]
Treatments GI (mean = SE) VI(mean + SE) Y ° Y 8 Germination period/d
began/d peak appeared/d
W-T, 0.76+0.046b 1.90+0.26¢ 8 8,9,10 22
W-T, 0.84+0.050b 2.44+0.33¢ 8 8 26
WT,(CK) 0.84+0.031b 2.60+0.21¢ 7 10,11 21
WT, 1.00+0.026ab 3.25+0.25¢ 7 10,11 16
W+T, 1.33£0.042a 5.45+0.46b 8 12 15
W+T, 1.57+0.033a 7.54+0.36a 7 8 20
—O0—W- —v—W  —e—w
80 80
75 T 75 (T
70 70 =
60 60~
S oss b 55 1
£
g 50 50
5
g 45 | 45 -
B o 40 40 |
H =
3= 35 35 |
Q
£ 30 | 30 |-
T 25 b
3
2 20 |- 20
15 + 15 +
10 10
5+ S
0~ 0
-5 | | | | | | | | | | | | -5 | | | | | | | | | | | |
6 "8 10012 14 16 18 20 22 24 26 28 6 8 10 12 14 16 18 20 22 24 26 28
5 IR %L Days afer sowing/d
B2 AEMEAZETER 1 ABHHEEDTCEHEREDRE)

Fig.2 - Dynamic of seeding emergence after sowing in one week in a different precipitation ( mean + SE)

3 iS4

3.1 FETAS R AR X LLRD R H B A R

TET SRR T 5L B AR A 4 7 1 FE SRR Pl B3 R DR/ AT L2 i 3832 XS BEAH ) 104 1
B &, TS MR T SR & i A K RIAETRRE 1 L A9 K B, B A TR A5 A 335 0 21 0 1 19 2 22 B L 38
RYAS AL X 53R [ PG I T 22 T 2 X V3% (Agriophyllum squarrosum (L.) Moq.) i (Artemisia ordosica
Krasch.) 7458339 JL( Caragana korshinskii Kom. ) 55 3ic {5 9 A RFF 5 45 SR — 55072 | 38 W e Ry o 1 o ) 48 ok 3%

T RIERR IR SR B TR R AR R R 30% A PE R BRI T ALED AN T R IR R
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S IR T TR, AR R BT R BRI TR R %, X 5 Hovenden %'Vl Gomez-Aparicio
U TR A IR B, AORTR E PG T I R R A R R RN LR R A A, X O B
e P R B A T R AR T SRR A AN TRERT & 1 ELERE TR AR A A
WF5E A0, 70 LR T — B AG O0 T  365 22 A 3 T (] B i i) ( BP9/ 1 R R AR 3 K T B B W o ) 44 ey
TLLADR R R SRR S (30% ) R E) B A 1 b B L P RRAR B T B R, R W R [) PG s
() 3G TP 357 BRR 38  F 1G 22 O B3 R A% Sy B R T 2L RD Fh - L0 i R A B ey W B W ZL b Fh - e iy E 5%
391 56 I 14 5 ), 1 2R T 0 AR AR VT ) o o ), 3 14 b 98 o 838 7K S 4K R 7 1) I ] 2 2 1 b - 2 114
R (WS 37 VAR OB RAI S L 5[ o 8y AN e N 5 Y P D FAR U L T8 o0 6 = L R I 255 N
Tl W7 R A T B RK A A R 1 W /K ESF TR 2720 o o7 ) s T 395 7 S 2 B0 K 6 T Fad 22 (10 o T 45
SRS R T 2L Rh 1 R R K i B PR TR TR R A BRSO A R4 BRI
W 2 TR A AR TR AR 3R/ K A W S e AT AL SR R AR A 5 i B YR o R 38 0 4 AR N AR
CLRPAh B A TR AT A B R TR AR A A, AR ] e R 25 P S R I 7 [ o ]
AR RS AR R S (3R 1), D0 i R 88 2 B 3 A A B R BRI B RS 5.46mm ~ 6mm I, HCH
KFRR BN KAE 68.33% , i X 5B RID VS HAR Sk 22 ( Chenopodium acuminatum: Willd) 7E 5. J# N 12 A 28 [ 19 45
Ul 2d /1 RHEINE 8d/1 Wk, HLAh -t v Ak B b KB — B, RALLAM A 107 vl 3 2 e T SR B
T, PR R R R T SR IR A R R 3R 3 A ol 7 T B /N R B Y AR, 7E AT
AR | R R B & 1) e/ IR T B Bt AR A [] 2 FERR IR U0 VDb AR 37 2R Sk 122 17 K 114 o /N o T 2
8mm ' TEBLIA 5 VISR PN 35 R VDI, A2 ol — S Y L) B R Y Sz In e T YRS 10—15mm i A
5% R IAERHBURE Y D B IR B 4mm B 2 DU 0 R p @A A 1 7 & 50 AT i B K R R A 3k
omm I, A R EGETE TLLRP AT R, AT L AT PG S R A T X S R R R R T 6mm , LD P T A BRI %
B R T 097K 53 RIS I B R IE 1 28 2 Ah A 30, 70 YA W A JRR e W A5 A 1L i e BE A R I 20D S AR 4
B, T 7R BE SR P A Ty JL-F- JC LT S A 40 B 3k AT BB PRI LA e BE R K, HLZ2 W KT Smm K RIS
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