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Abstract ; More than 6% of the world’s total land area is impacted by salt. Most cultivated plants are sensitive to salt stress,
which triggers ionic disturbance and has osmotic and toxic effects due to high cellular Na” concentrations, which ultimately
greatly reduces vegetative growth. Calcium is an indispensable nutrient for plant growth and development, and it also plays
important role in plant response to abiotic stresses. Calcium deficiency phenomenon is universal in Chinese arable land and
its shortage in salinized land is more intense and severely limits the growth of crops. Addition of Ca® could reduce the
growth inhibition induced by salt stress by increasing Na*/K" ratios, maintaining normal metabolism, stabilizing the cell
membranes , and balancing absorbed ions. Hence, the liberal application of Ca®* fertilizers is the recommended treatment for
enhancing soil Ca’* availability, stimulating plant yield, and preventing further deterioration of saline land. Indoyl-3-butyric
acid (IBA) is a safe and efficient plant growth regulator, which is mainly used to promote rooting and root development.
IBA, as an important plant hormone, participates in plant growth and development. Studies showed that IBA treatment can
increase root growth and survival rate of plants under salt stress. A hybrid Pennisetum ( Pennisetum americanum X P.
purpureum) is now widely regarded to have substantial potential as a bioenergy plant and a forage source for livestock

production. It has been characterized as having good stress resistance, fast growth, and high yield. Coastal areas are
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considered to be ideal sites for cultivation of energy plants since they are occupy large areas and usually cannot be used as
farmland due to high soil salinity. Hence, the hybrid Pennisetum is an ideal crop for this type of land. Therefore, in order to
better guide the bio-transformation of saline lands using this potential energy plant, the effects of exogenous Ca’* and IBA on
the growth of seedlings of energy plant hybrid Pennisetum were examined under saline conditions. In a pot experiment, we
investigated the effects of exogenous Ca® and IBA on the survival rate, fresh weight, dry weight, plant height, root
number, and ion content in the hybrid Pennisetum seedlings under NaCl treatment. The results indicated that the survival
rate, fresh weight, dry weight, plant height, and root number of hybrid Pennisetum seedlings pre-treated with IBA were
significantly higher than those in untreated, control plants. Under NaCl stress, the survival rate, fresh weight, dry weight,
plant height, root number, and Ca® content in hybrid Pennisetum seedlings significantly increased with increasing Ca®*
content ; the maximum effect was observed in treatment with 2 mmol/L Ca®". The content of Na* and Na*/K" ratio decreased
with increasing Ca® content reaching the maximum effect at 2 mmol/I. Ca®. The results showed that exogenous Ca>* and
IBA promoted the growth of the hybrid Pennisetum seedlings under NaCl stress, relieved the NaCl stress on the hybrid
Pennisetum, and increased the survival rate and salt tolerance of the hybrid Pennisetum seedlings at the optimum content of
2 mmol/L Ca®. These findings provide a theoretical basis for practical application of IBA and Ca®" fertilizers when large-

scale cultivation of hybrid Pennisetum occurs on saline land.
Key Words: hybrid Pennisetum; IBA (Indole-3-Butytric acid ) ; Ca®*; NaCl stress; growth
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Fig. 1 Effects of exogenous Ca”* and IBA on survival rate of hybrid Pennisetum seedlings under different NaCl stress( mean+SD, n=6)

IBA ( Indole-3-Butytric acid) R 6 /I\EgﬂngﬂjﬁiSD(nzﬁ)z:@?ﬂ'ﬁ‘%%%%"jﬁ%(f) < 0.05),
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Table 1 Results of a three-way ANOVA of parameters for hybrid Pennisetum

P K E Main factors

Parameters NaCl (A)  #5(Ca) IBA(C) AxCa AXC CaxC AxCaxC
Hu_F#B53E T Shoot fresh weight 4404.06***  4851.31*** 1491.84*"* 1255.66***  31.61***  11.01*** 5.66%**
H_F #8453 Shoot dry weight 1985.16***  2751.86***  733.28***  609.99***  30.89***  16.00***  16.65"**
R EHB /T Root fresh weight 1486.35*** 1813.82"*" 2653.93*** 31.87*** = 20.44*** 8.37 """ 24.82%%*
T #8- T Root dry weight 1160.50*** 1525.10*** 3702.28 ***  15.01***  70.04***  45.77***  21.83***
Hb | #43 Na* 4 & Shoot Na* concentration 4328.76 """ 1455.18 ***  580.81 *** 25.29 " 30.54 %" 8.98 "~ 6.15%""
R4 Na* %4 Root Na* concentration 6332.21°** 1716.79*** 1675.00*** 111.91***  50.08***  27.45***  12.82***
Hi_E#B43 K* %5 Shoot K* concentration 4427.17%%% 74.82°%%  133.58**%  65.13***  13.91*** 1.27™ 4,08

R4 K it Root K concentration 16776.97***  81.19***  152.30***  36.16**"  49.47***  16.93*** = 23.43***
i1 | #B4> Ca® F5 i Shoot Ca®* concentration 498.29***  1622.57***  400.10“"*  6.01"** 1.71% 12.96 *** 6.01***
R4 Ca®* &t Root Ca®* concentration 3341.68 "% 2248.45°**  739.27***  121.88**" 0.40™ 9.18*** 23.05***
#HK Root length 8560.80***  359.81*** 7740.75*** 130.28***  103.56***  17.93*** 11.78 ***
HREL Root number 5955.15***  125.22***  4802.35"** 5245 122.40*** 4.447* 10.91 ***
Bk E5 Plant height 6303.71***  223.38***  2733.97"** 107.88**" 4.42 % 15.53***  29.55***
M #5453 Na*/K* Shoot K*/Na* 36834.06 *** 5765.22***  2426.91*** 717.44***  199.08 * 3.20 *** 19.35***
HF#B4> Na*/K* Root K*/Na* 29911.80*** 2437.39***  724.48*** 72498 *** 124.12*** = 21.55% 6.38***

WA x FoRTEP < 0.05 KV FEREE, ** FRIEP < 0.01 KV EEFBE,; ««x FRTIEP < 0.001 /K- FEFBE ;NS BRikhnE
P2 BUEARE F A KA PRa3h i L84 MR 30 T8, ks MR MRAECE b B3 Al R H8 5019 Na+ K+ i Na+/ K+

2.2 AN Ca® Fil IBA X TA[EIEE NaCl 4B 2458 iR R R4 i T B ER A 52

A B A A e R A A KA DL T R AR, FRATTXT AN ] NaCl i BEAL B R A1 AN Ca™ e 8 Ab B G 2 58
WREFYR AT T AEYEINE , G557 K 2 s, 48 IBA AL FRFIURZE IBA A0 PR %) 24 A2 MR 8 5 40 1 52 B AH
] a3 HL 280 TBA VTR AL B G 2% 50 AR BB B AN 2 s B350 4038 S b 35 0 ) T 3 B A f i T AN 22
IBA ALBRAYRERR , LT Ao B2 (& 2,38 1) . T b3 e SR B R4 it T B S HRBEE NaCl 3k 2
(4 T v 7 S 3 R, ZEAH ] NaCl VR R, 223 BB i) T o fof B B AR Ca™ B B TH S T, MM Ca™
WFEEIIK 2 mmol/L B A S AR FE LAY T8 S Hi 3k B 5 K AN Ca” VREESE N2 5 mmol/L B, W i FRE, I
WREE TR IBA Fikb B B AL 2 s IR B AR AU AR I, 48 IBA AL BHAY 250 MR B 5 4y i #3043 T BE IR AR
B KB Z 45, K TR 2 IBA AbBRAGANT 78 NaCl 0 F AN Ca™ W R T4, A7 Bh T 2430 R o
i b R R A AR YRR Y AME Cat RN 2 mmol/L RIS K R B E (K 2,5% 1),

2.3 HME Ca™ FIBA XHFRIRIREE NaCl AbFE T 2250 R R 2 ik i AR FIAR (945 B (1 52

HE 3 AT LUE Sk R 2930 B 4 ik s AR FIAR A% B BE# NaCl ¥k BE ) T i R AIK, 28 1BA
VWL PR AT 5 R 2 IBA REFREHHHE , (H 2 IBA FEWE AL BRI (9 3 TS hRERE TR 45 IBA AbFRfY
aii, HAR B H AR I SE 3 ) 7EJC NaCl AbFEAGIS AL N, #0019 3 THE r JC B A8 1k ; 78 NaCl Kb B ()
LT, Z43C IR BB 3 TR AR RS BUAH R S fh s 3 BERRE A AN Ca™ MR B2 1 TH = T g, 244N IR Ca™
W 2 mmol/L AR A, RS IBA X TAEHELEAR LR AR B4 KA B AR YRR, 75 JE NaCl
Jp3E T AR Ca™ X 22 38R FE B bk 8 AR A DL BARECH D VR IR F (A AEAS [V BE 1) NaCl i3~ Sh
Ca®" AJ LAGZ A 48 F 0 R i AE I, AR Ca™ WRBED 2 mmol/L B, G2 R FE ORI i (813,36 1)

2.4 AMNR Ca™ 2 IBA X} F AR EE NaCl AR 3452 AR B w0 4 1 B8 1 2 S A3 A B 32 ]

h T HETIME Ca™ I IBA FIANFRE 24 sC IR SR F RO ALEE , FRATIXT AL FE 3 J 1 2458 AR B i 4l
BOAR AL 3430 Na™ K™ Ca™ #E47T TIIRE, 45 R WK 4 FiR, 28 IBA AbBEAY 450 MR R 5 40 5 R AL BEL Y
T SRR, SRR ZEAK, B4 %A B IR, BIR L T Na* &8 B Em T 35 Na* &
i, B NaCl Wk B2 0 AR A | Na® & i i 25 e . AR NaCl Ve BEAR B4 F , Na™ & i Bl %5 /MR Ca™
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Fig. 2 Effects of exogenous Ca’* and IBA on fresh weight, dry weight of shoot and roots of hybrid Pennisetum seedlings ( mean+SD,n=6)
A B it #8453, C D Syl FER S, B 6 AN AP HESD (n=6) AR FRMUEZE ST B (P<0.05)

e FE I RRARS , 24 7ME Ca™ ¥R EE 4 2 mmol/L B} Na* & 2 2k AR (E, /MNE Ca> ¥~ 5 mmol/L B, Na*
TS 2 mmol/L BY KEAHSE (K4 A, B4 B,38 1), B4 C.D R, FFE NaCl ¥R T AR AL - K™ 5 &
FEAK, #EJC NaCl A FEAHE T BEE SMIR Ca® VR 38N K™ & i A TC Mk, NaCl A BE T | B SMR Ca® VR JEE
PRSI K5 i /MR FE T B 4 B F B AR AL B85 Ca™ Wk BERE A AR Ca® 5t A3 b ini BH S8 3 fm 1%
4 G H T, ANt IBA FALFRE SR AR Z 5T IBA ARG, FoH B3B3 A R #84> Na*/K*7£JC NaCl 4k
PR Bt AN Ca™ 25 5 A 3G N T /DN B AR, 76 NaCl APERS , Na*/K* BEZ AMNR Ca® e B (34 1 IH St R ARG, 7
2 mmol/L I ik FE A, 5 mmol/L AEALAH ML (18] 4,36 1) . M IRGEHE AT LA 42 530 fR e 2 2 1 i 7 AR B AR
FRE Na' W ER ) OR R 1), R B AN Ca™ 3l FEAIK Na* /K B i h 3
2.5 =W ESH

ARG Ca™ F1 IBA ¥R AL BEXT AN [R] NaCl ¥R B2 W0 24315 8 B &)y i 45 T A RS A 52 0 119 = [ J7 25 3B
DL 1, ARl LI B0 NaCl,Ca® | IBA X 2228 8 4y v i) AR BRAR AR 52 i 1 2 ) IBA 78 — 2R I
G2 NaCl Jilpif1 , Ca™ 22 NaCl Wi 2508 i 3 3 A PR 28 2L [/ FO A A A6 K A i B 2, {H NaCl T IBA 2E[H]
VEFAXT I Ca™ S8 S, 25 BTk AN Ca® & IBA XF NaCl a0 R BEVEAE Y 24 3C IR R B 4l i A
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Fig. 3 Effects of exogenous CaZ* and IBA on the plant height.root length and the root numbers of hybrid Pennisetum seedlings (mean *
SD, n=6).
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Fig. 4 Effects of exogenous Ca* and IBA on the content of Na* ,K*, Ca’**and Na*/K"* of shoot and root of hybrid Pennisetum seedlings
(mean = SD, n = 6).
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