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Abstract

Aims This study was performed to compare the growth and characteristics of nutrient elements at different leaf
positions of reed (Phragmites australis) under salinity stress. The adaptive mechanisms by which reeds at a
Songnen grassland tolerate salinity stress were determined.

Methods Samples were collected from normal grassland, moderate degraded grassland and severe degraded
grassland, respectively. Plant height, shoot dry mass, and nutrient elements at different leaf positions of reeds were
measured.

Important findings The Na" content, total salt content and pH value of soil are important factors that determine
soil salinity in the Songnen grassland. The degree of soil salinity was aggravated stepwise from the single domi-
nant reed communities to the reed coexisted with Suaeda salsa communities. Height and shoot dry mass de-
creased with increased salinity. The profiles of 10 key nutrient elements were measured, namely, K, Na, Ca, Mg,
Fe, Cu, Zn, Mn, P, and B. Results from the principal component analysis indicated that all samples were distrib-
uted within the 95% confidence interval. The results showed that K and P contents decreased with lowered leaf
positions; while Na, Ca, and Mg showed the opposite distribution trends. Fe and Cu contents were less in young
leaves than in the other leaves, Mn accumulated in the old leaves. However, a large amount of Zn accumulated in
the young leaves. No obvious change in B was observed. Thus, salinity stress produced a small effect on the dis-
tribution of nutrients in young leaves, but strongly affected the older leaves. Under salinity stress, old leaves ac-
cumulated more Na' to protect the young leaves from ion harm. High accumulation of Ca, Mg, Fe, and Cu in ma-
ture and old leaves was more beneficial to maintain and protect the function of photosynthesis. The increased K
and P contents in the young leaves could provide the necessary nutrition and improve the salinity resistance of
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reed. This process contributes to the physiological response strategy of reed under salinity stress.
Key words Songnen grassland; Phragmites australis; nutrient elements; leaves positions; degraded grassland
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7 2 (Phragmites australis) & —Fh 2 24 RAF}
TP, T2 AT et s s, DT ie RV PR
BT Ehm I AT AR K, A BRI A2 1
&R AEAERE D, Ak A [ AR S AL T A
FEHEIF (B Fo SERTER B0, 1998). 752 HA Bk
AEZSThRE, AKAE P 3 AT I B B 4 AN A R BT G
S Y/)NTIRELE S v/ e SV o= oy AT M S w52
Bi, RN A EEMARSHEENE, B8,
&R, R, 4, HeqedEm, A
Al gD (s AR RN FEBE SR, 2010; Kiviat, 2013).

PAWCT R AR RS, AT ARAEF R A, =T
I L RS2 RN D 22 0 LT (9 75 45,
2004). Fu T R R T 4Bt e, B AA R AR
L RE K, K T i P S DU AN S TR R B ik
(AT AR, 2002). AT R BRI 2R, OF
T E R E R LIRSS E RT3 gke,
HARE VR I8 0 A RE a2 3R B T AR B R
PR, R = RO B —
(T ThEE, 2000) . 75T EhH6 -+ A £5 7 32 2 I Na,COs5
MINaHCO; ¥4 i, [R]iF 25 4 /b & i i e 26 A0 Ak 4,
TRFT BRI R A SR A A Hh A 3R AR 25 0
EHF B EFE ML, 1995; X234 2000). 2]
807 AE 1 4 2 L TE M Y IR, B2 A A 1R
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R, 2014).

FHT, EEXT 7 25 1T FObok iR Z B E AN, 7%
AL AR, e, REBEEHESTTNG
HREA ARG, (HEE X H R SRR T3
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2000; Asaeda et al., 2002; #ML%E, 2006; FEPELE,
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FEKRIT L 7Y 55 ) P TR +E ¥ 5 CO3 FTHCO; &5 &, Al
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FREUH B F4£50 mg, FIRSERIE9S “C &4+ M
1k, WEALE E A F10 mL. FHProdigyH B &
S5 B 1 R T RN O 5 X (ICP-AES, LEEMAN,
New Hampshire, USA)JIEK. Na. Ca. Mg. Fe.
Cu. Zn. Mn. P. BH& &,
15 HUESh

HMAISPSS 17.0%F £ K S HOAE IR o s fR b itk
ITRAR G o, AR R NS IE R
YMECEFEER R %), p< 0.05SEEEZR . FIH
MetaboAnalystX] & 77 TG R AT EAE 04, FE R 7>
Hr(PCAYVE FME H 0k, RAB R RXia &
Wishart, 2011).

2 #R

21 HIEELTEHE

ANTRE AR B 5 b - 398 ) R B o AT DA e L
TR MR, PR AL R, E R
s E S . pHIE. B SRIKKT A, M
Z I EIEENZERGEEL p<0.05). E8FE T,
b - 3E R AL AR R IR, KT Na™, Mg®", CO3 . HCO5..
CI™. SO #ritgfn, HrNa (ki AWl &; (HCa>"
FEFREERD.
1 A ELRAGFR R O - S5 SRR A CT 3 (AR 1R 22, n=5)

Table 1 Soil salinity characteristics in the different degrees of degraded
Songnen grasslands (mean + SE, n=15)

BRI AE AN T A P RA T
FFE5y The different degrees of retrogressive grassland
Soil salinity charac- —pweyy  quppig sy BRI
teristics and nutrient
Normal Moderate degra- Severe degraded

contents

grassland ded grassland grassland
K (umol-g™) 0.41 +0.06° 1.87 £0.19° 2.73 £0.24°
Na“ (umol-g ™) 6.58+0.55°  2522+198°  42.64+6.87"
Ca*" (umol-g ™) 1.41+0.10° 1.01 +0.09° 0.78 +0.02°
Mg®* (umol-g™) 0.42 +0.03° 1.23 +0.46° 5.91 +0.68"
CO3 ™ (umol-g™) 2.77+0.40°  10.02+1.55°  18.35+2.76°
HCO3 (umol-g ™) 934+0.76°  21.11+1.98  23.24+3.65
CI” (umol-g ™) 1.66 £ 0.23° 5.87+0.55"  16.06+4.01°
SO (umol-g™) 0.53+0.01° 2.21+0.54° 436047
TSC (umol-g ) 2312+ 1.88°  68.54+7.02° 114.07+16.32°
pH{& pH value 8.72+0.37° 9.55+0.83"  10.18+0.72°

EC (us-cm™) 128.97 £3.44° 45054 +11.34° 698.86 + 22.70°
EC, 33, TSC, B & & . AE/NG FRER/RAS FIR AL H i 8] 22 52
23 (p<0.05).

EC, electrical conductivity; TSC, total salinity concentration. Different
lowercase letters indicate significant differences among the different degrees
of retrogressive soil (p < 0.05).
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R AHIF 78R 56 et FIICP-AES 43 #1775 vl LA R
X 43 7 2 I 7R ER B T 1o 2 AR SU(E2) .
24 EFTERTUWHHE

T2 IR, REEARRE, HEFRIURES
FE4hrt Dygent A b oA AL . RS
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A1 72 5 % (p < 0.05). NG, IEH B MDG, B B AL B
SDG, IR EH,

Fig. 1 Changes of plant height and shoot dry mass of Phr-
agmites communis in different degrees of degraded grasslands
(mean + SE, n = 5). Different lowercase letters indicate signifi-
cant differences among the different degrees of degraded
grasslands (p < 0.05). NG, normal grassland; MDG, moderate
degraded grassland; SDG, severe degraded grassland.
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> o A 4 S 1F
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hs IN Y 8 . + X ~ Of A *
O A1+ QO N
~ N « X IN A~ N X
) i § Ll s 4 §
2 F 3t -2 r
1 1 1 1 ; 1 1 1 1 1 1 ; _I 1 1 1 1 1 1 }
—4 -2 0 2 -3 2 -1 0 1 2 3—4 -3 -2 -1 0 1 2 3

PC1 (72.8%)

PC1 (70.4%)

PCI1 (80.2%)

A ZM Old leaf +IJREM Mature leaf x %) Yong leaf

B2 ERG T (PCAE I B SR 25 LA, AT RE AN S HAAEAN R AR 5E F E TR n AL . A, IEF B,
B, H&EBME M, C, MEIBMEH,
Fig. 2 Principal component analysis (PCA) score plots showing the nutrition elements trajectory of young leaves, mature leaves and
old leaves in different habitats. A, Normal grassland. B, Moderate degraded grassland. C, Severe degraded grassland.

F2 ORIFRIGTE AR b 2 A AL S 2R 0 E S B (umol g ) CRIMEAARHER 2, n = 5)
Table 2 The contents of nutrient elements in different leaf positions of Phragmites communis in the different degrees of degraded Songnen grasslands
(umol~g") (mean + SE, n=15)

IR REEALFEFE A W AS [R5 M /- The different degrees of degraded grassland/The different leaf positions
Izlnut%ients IEH 5 Normal grassland rRZEIE4LEL I Moderate degraded grassland FEE IR Severe degraded grassland
elements - higrt EAUN - hignt EAUN it higrt EAUN
Young leaf Mature leaf Old leaf Young leaf Mature leaf Old leaf Young leaf Mature leaf Old leaf
UK 430.54£21.69° 301.50 + 14.26 275.26 £ 31.68" 371.38 + 11.57" 261.71 £8.10° 262.77 +39.81° 349.01 = 28.25"241.43 + 33.59" 220.04 + 20.44°
B Na 1539+2.70° 31.93+2.49° 103.10+19.37° 16.12+2.39° 41.75+4.84" 73.02+6.32° 44.73+3.32° 119.39 + 21.31° 163.18 + 28.34*
5 Ca 27.65+137° 64.29+2.14° 171.74+1.70" 32.89+546° 61.53+7.40° 104.40+9.08" 24.71+2.73° 57.94+6.15" 103.66 + 10.49"
B Mg 2661£271° 36.84+430° 77.04=10.79° 27.31+4.10° 42.64+3.70° 63.63+6.28" 2420+234° 37.55+286" 59.32+9.35°
2 Fe 2.16+020° 2.64+033 321+£026° 2.63+021° 341+028  343+032° 1.70+£020° 2.77+024°  4.33+0.60°
] Cu 141+£030°  228+029° 1.88+026" 2314012 3.50+0.56° 3.61+0.86" 1.64+037° 204+042° 2.94+0.38
£t Zn 0.54+0.03°  037+0.08° 026+0.05° 048+0.07" 035+0.07° 030+0.08° 038+0.04 028+0.05° 0.29+0.06
£ Mn 0.62+023°  0.86+038° 140+0.86° 030+0.10° 030+0.08  0.45+0.05 0.35+0.02° 047+0.15° 1.09+0.12°
fik P 67.26 458" 35.04+2.63° 2652+1.06° 41.09+5.89" 2240+224° 1597+1.85 39.47+3.45" 3031+4.23% 20.60+2.67°
W B 248+0.68°  149+0.64° 1.55+045  096+0.60° 095+020° 0.86+021° 1.55+031° 242+0.81° 2.00+0.29°

ARG A BERR AN R B AL B ) 72 7 B 3 (p < 0.05)

Different lowercase letters indicate significant differences among the different degrees of degraded grasslands (p < 0.05).
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3k, 2012; JEEARSE, 2012)FHL .
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R A B AR B T RE, DL Sk & B ER b a PR B
(Nakamura €t al., 1996; Yasar €t al., 2006; FKi%E%%,
2015). AHF TR I bl A B AR AL R BE B, AH
A7 e Na & B R B S, 5t FR, A
IR AR R P Nali 22 (322) . Naje £hi £ o 32 21
BERF T, P DRI AN E I A A A R,
KN BT RIE B A DL AT 8% 1 R R
RN B ARENE S I IR E 2T . AN, Yt TR
BB, BABGREMRAEH, 79 Nad & A
ik NafIKEA MUK AE T 28, 785
BN EATAEH 354 (Munns & Tester, 2008). LAMEH
WEFLZRE, BRI E SRR, & e P Na S &
BT, HKEREBEA RGBT R A, 1998;
KRELE, 2010). HAM LR ER, KENaAM
il T 7 2B XK RS, X T A A O b 2 e L
A EpHAHE, mpHBUIA B 1Pl 7R ZATK
IR o 7 25 BB 78 R P 38 T AR R K 2 Ca,
XA RN T 22 ffNaxs G () 2 FHAEH o Cart Ehig P ia
TRYE A5, Cal GBI EAE R TR ENa/H
W) i is R T P, R ORI Na X R A0 78 W0 Y
(Zhu, 2003; E75%%,2012; §Ki%%E 2015). Mg. Fe.
CusC 2 S = AT b TR 1), JUH Mgt &= AE
N AME— ST R, EEYDEIER T
R¥EE BEERHNTEFSE, 1982; T75%%, 2004; 7K
2%, 2007; Kobayashi & Nishizawa, 2012). AHff 7%
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AR 5K R J6(2005) Rk EE 55 (2009) 0T 7T 45 3R
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ARG BB FEY AR A,
Zoohf FE ) BT A5 B % 1 S 40 B R () Ty e AR 45 44
HARKFEm (R IE 5245, 1982; 7KiH4E, 2007). 5 g
Azt A bR, PSR R R E I Zn, X
T W51k LRSS M A K R TR R, R3S A
K (B 5B, 2003; #&HitR, 2004). PREFEYIARN FIE
BUEFRICER, PR P R AL T T hn,
4 A RPN AT AR A K P R IE 7%, RIS
R T HPUER B, 1X AT R A AR SR T
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