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Abstract: In order to study the effects of salt stress on biomass, quality, and photosynthetic characteristics in switchgrass,
a soil column test was performed with different salt stresses: 0.40% NaCl, 0.80% Na,SO,, and 0.80% NaHCO, ( critical
lethal concentration). Switchgrass with no salt stress served as control (CK). The results obtained are as follows: (1) The
aboveground biomass, underground biomass, total biomass, seed yield, and root cap ratio of switchgrass decreased
significantly (P < 0.05) under salt stresses of 0.40% NaCl, 0.80% Na,SO,, and 0.80% NaHCO, compared to the CK.
Aboveground biomass of switchgrass was 56.14%, 61.73%, and 76.90% lower than the CK, respectively; underground
biomass was 36.12% , 58.67% , and 77.57% lower than the CK; total biomass was 49.39% , 60.52% , and 76.45% lower
than the CK; seed yields were 70.95% , 52.88% , and 33.81% lower than the CK; and the root cap ratios were 25.00% ,
31.25%, and 32.50% lower than the CK. The relative seed mass of switchgrass was 0.92%, 1.91%, and 4.50% of the
control under 0.40% NaCl, 0.80% Na,SO,, and 0.80% NaHCO,, respectively. Large differences were observed among salt

ESWE : HK A AR =54 (31101103) 5 JLt i bk BBk QR ik )l LT (KJICX201201001) 5 65T AMAL 3= BE 5 FRHH EE 43 (QN-
J1201219)

75 B H#:2014-02-17; 7 2% tH ki B A :2014- 12- 04

# IRAEH Corresponding author. E-mail; huyuegao@ cau.edu.cn

http ://www.ecologica.cn



2 S % 358

stresses in the degree to which growth was inhibited, although all were under critical lethal concentrations. Salt stress with
0.80% NaHCO, caused the most serious negative impact on switchgrass biomass, and the weakest was with 0.40% NaCl.
Biomass distribution between vegetative parts and sexual organs varied greatly with salt stress. (2) Grown with 0.40%
NaCl, the ash content of aboveground biomass increased 14.89% compared to the CK. Grown with 0.80% Na,SO,, the
sulfur (S) content of aboveground hiomass increased 262.32% and cellulose content decreased 13.71%. With 0.80%
NaHCO,, potassium ( K) content increased 54.95% and hemicellulose content increased 10.87%. All five of these
differences were statistically significant. Other quality indexes showed no significant differences, either among salt stresses
or in comparison to CK values. The increased ash content and S content observed under 0.40% NaCl and 0.80% Na, SO,
negatively affected the biomass combustion quality. The reduction in cellulose content and increase in hemicellulose content
rendered the transformation and utilization of switchgrass biomass more difficult. (3) Grown with 0.40% NaCl, 0.80% Na,
SO,, and 0.80% NaHCO,, the net photosynthetic rate ( Pn) and the maximum photosynthetic rate (P, ) of switchgrass
leaves was inhibited significantly compared to the CK. Pn decreased 21.89% , 29.54% , and 24.59% , respectively, and
P . decreased 14.52% , 10.00%, and 4.1%, respectively. Stomatal conductance ( Gs), intercellular CO, concentration
(Ci), transpiration rate (Tr), light saturation point (LSP), and instantaneous light energy utilization efficiency ( SUE)
all decreased significantly compared to the CK. The limiting value of stomata (Ls) increased 20.27%, 16.22% , and 16.
22% , respectively. The apparent quanta efficiency (AQY), respiration rate (Rd), instantaneous carboxylation efficiency
(CUE) , light compensation point ( LCP) , and water use efficiency (WUE) showed different magnitudes of change under

different salt stresses. Stoma limitation may be the key factor inhibiting the photosynthesis and growth of switchgrass. This

study lays a solid foundation for the large-scale planting of switchgrass in saline marginal land in northern and northwestern

China.
Key Words: Switchgrass; Salt stress; Biomass; Quality; Photosynthetic physiology; Marginal land
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Table 1 Biomass of switchgrass under different salt stresses

Qb3 Mo bAEYE g R AR g HPRL 5/ g SV g RO L
Treatment Aboveground biomass ~ Underground biomass Seed yield Total biomass Ratio of root to shoot
CK 357.83+8.22a 196.81£10.02a 9.02+0.97a 563.66+9.22a 0.80+0.08a
NaCl 156.93+5.69b 125.72+4.93b 2.62+0.21d 285.28+6.87h 0.60+0.07b

Na, S0, 136.93+6.37¢ 81.34+3.67¢ 4.25+0.67¢ 222.54+8.62¢ 0.55+0.12b
NaHCO4 82.63+8.55d 44.14+7.19d 5.97+0.58b 132.74+9.04d 0.54+0.10b

Bl I e 22308, RIS FREFR R 2253+ B35 (P < 0.05)

F2 ATREEE TR M b Bk

Table 2 Burning characteristics of switchgrass aboveground biomass under different salt stresses

s R/ (¢/kg) R/ (&/ke) 58 i/ (2/ke) B/ (M)/kg)
Treatment Volatiles content Ash content The fixed carbon content Heat value

CK 7.66+1.88a 0.47+0.02b 1.87+0.27a 18.01+£0.91a
NaCl 7.54+1.79a 0.54+0.02a 1.92+0.16a 18.02+1.07a
Na,S0, 7.66+1.63a 0.45+0.04b 1.88+0.31a 17.84+1.84a
NaHCO, 7.65+1.59a 0.43+0.05b 1.92+0.15a 18.07+1.22a

222 A[FEERMHAX HIRE TR T ROTER R AR

ANFEIEEE B RE  A R FOCER S EATAEZE S (R 3) . 19 CK AL, 3 RhEh i T kB b |
AP NP LCLSI FRICEFZESR , Na,SOMHA T, S & W 262.32% ; NaHCO, A T K 5 i &%
1% 54.95% , 3 FhERIEIA] LA, Na, SO, WA T MR H AR W) BT S & & 1 25 i T H AL A £ i, NaHCO,
PRETE K &8 BT ARG

R3 TRZMETUKBE LEMRT RTESE

Table 3 Content of mineral element of switchgrass aboveground biomass under different salt stresses % Dry matter

Qb N p K S cl Si
Treatment Nitrogen Phosphorus Potassium Sulfur Chlorine Silicon
CK 0.603+0.054a 0.110£0.037a 0.717£0.204a 0.069+0.017b 2.719+0.86a 1.850£0.50a
NaCl 0.643+0.097a 0.133+0.054a 0.955+0.388a 0.065+0.013b 2.553%0.79a 2.100+0.49a
Na,S0, 0.650+0.088a 0.1430.063a 0.550+0.189a 0.250+0.028a 2.13420.63a 1.733£0.82a
NaHCO, 0.606+0.067a 0.1270.051a 0.32320.055b 0.06120.014b 2.34320.81a 2.383%0.77a

2.2.3 AN ER B0 X MIAS R 1, L A 0 o 240 i B 2H 5 S )

5 CK AL, AR ER N MIRCRE b 2R My o 27 248 38 R o 28 3 i R S B AR a3 F AP X5 i
LB A (R 4) H A Na,SO, WA T2 4R % & i R EFEAK 13.71% NaHCO, il T 2P 4E R 52
BEE R 10.87%, 3 FhER MO E] AL, Na, SO, Ml T, 7 4E 38 & i 1835 5 T HAW M Fh EL 38, NaHCO, 38
TR R S B T HARPIRERINE

F4 TRZBMPETHHBEM EEVMRAMBES S

Table 4 Content of cell wall components of switchgrass aboveground biomass under different salt stresses % Dry matter

QL Treatment £4E 2 Cellulose A YEZE Hemicellulose AJF#E Lignin
CK 32.53+2.96a 26.32+2.12b 6.95+1.52a
NaCl 29.85+0.58a 27.23£1.02b 6.52+1.21a
Na, S0, 28.07+0.54b 27.8020.71b 5.87x1.14a
NaHCO, 29.82+0.64a 29.18+0.59a 6.42+1.86a
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2.3 [EEREME XS A A BREAE 1Y) 52 1
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AR ER WA X MR B SR AR (£ 5) , 5 CK AH LK, NaCl Na, SO, \NaHCO, 38 F MIA#E Pn
Gs .Ci [ Tr Ls F1 SUE ¥ F#(%, WUE 28463 % . NaCl Al Na,SO, /AT CUE W&, 3 Fhdhia a]
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Table 5 Photosynthetic parameters of switchgrass under different salt stresses

VIRV ES

Bt MW COKIE  ALEIE R ‘ . B
ihr ik 0, * BE amm WUE mampdo PoCRE
Pn/ Ci/ Gs/ Tr/ FF %
Treatment o Y o o Ls/% (pmol CO,/ CUE /% S
(pmol m™ s™") (wmol m™2 s7') (pmol m™ s™) (wmol m™ s7™") mol H,0) SUE /%
CK 27.45+1.43a  0.19£0.03a  104.90+8.55a  7.82+0.58a  0.74+0.04b  3.53+0.13ab  0.26x0.08b  0.033+0.005a
NaCl 21.44x1.17b  0.11£0.02b  43.06£9.06b  6.25:0.87b  0.89+0.02a  3.43+0.09b 0.52+0.03a  0.020+0.007h
Na, S0, 19.34+2.09b  0.10+0.01b  54.04+10.47b  5.11x0.42b  0.86+0.05a  3.75+0.05a 0.48+0.0la  0.017+0.006b

NaHCO; 20.70+2.15b 0.11+0.02b 54.60+7.62b 5.79+0.83b 0.86+0.03a 3.58+0.0.07ab  0.42+0.15ab  0.020+0.005b

Pn: net photosynthetic rate, Ci: intercellular carbon dioxide concentration, Gs: stomatal conductance, Tr: transpiration rate, Ls: limiting value of

stomata, WUE : water use efficiency, CUE: Instantaneous carboxylation rate, SUE: instantaneous light energy utilization efficiency

2.3.2  A[EER M XA GG -t e i i 2 RRIE S AU R

AR B IR Pr Ci Tr 1 WUE B PAR 93 & 2 80 50O — S0 A8t i gl B3R #IK
PAR I IR ARBTG5 SR 5 3 IR B - 22, A SCR B AU 2SR % O G — s e 1 it ZE A T840
S5 R T BRI YOE RBCRTE 0.99 DL, R W2 AR RRECAT 1 S W i e S B % s A e 1 2o 7

5%t AR EE, NaCl fpif ke B e P, Rd \LSP 3443 51 . 25 P A% 14.529% ,10.52% . 12.59% (5 6) ;
Na, SO, WHA T MR A AQY .44 % 22.73%, P, \LCP FI LSP 7351 i 2 341K 10.00% ,17.41% 30.43%;
NaHCO, e Mt | P, (Rd LSP 435l i 2 Pk 4.10% .6.38% ,20.92% , HA$8tn b A%, 3 Ff
ERJHA 2Z (8] LA, Na, SO, WA T AQY \Rd %2 5 T HAR WA EL A | LCP W R T H AW AL A

® 6 EfAW 1S EREHLE KR E H B 42 404 18 SR A L S5
Table 6 Light intensity response parameters of switchgrass fitting from rectangle hyperbola modified model under different salt stresses

FUETFREAQY,  WREOLEEAE

Ab I I 3 2R Rd/ M LCP/ SEH A LSP/
Treatment (pmol €O,/ P/ L (pmol CO, m™ ™) (pwmol photons m~2 s~') ( wmol photons m2 s™1) R
umol Photons) (umol CO, m™2s71)
CK 0.066+0.08h 30.359+0.34a 2.681+0.042a 42.50+2.06a 1961.3+122.44a 0.9997
NaCl 0.060+0.03b 25.951£3.27b 2.399+0.081b 41.66+2.09a 1714.3+124.96h 0.9997
Na, S0, 0.0810.05a 27.323+2.22h 2.694+0.054a 35.10+1.88b 1364.4+481.23h 0.9993
NaHCO, 0.063+0.02b 29.114£0.50b 2.510+0.092b 41.61£2.52a 1551.0+229.34b 0.9995

AQY: apparent quantum yield, P, : maximum photosynthetic rate, Rd: dark respiration rate, LCP: light compensation point, LSP: light

saturation point

Eha S TR AR Y L AR R IR E B RS TR BR s AR i T A
Ptk AR RPRL R GEE LL 350 BB ST A AR AN TR T X WA B A 14 )
FANIA, LL NaHCO, e #m il 1 P i, A IFTE R IAER S5 pH A XA B A 52 Wi J7 1 4746 3 b ) 45 H5 p 56
FU AHFFEFR W], NaHCO, B H A P Eh X ISR A= 4 1 £ FH B85, 3 PT RBJ2: i T NaHCO, 45 pH 3]
T TR A A, AR R B, A S T A By e IO R R A R W PR R T
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