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Abstract; To investigate the effects of HCO; on the growth and physiological characteristics of plants under the stress of

bicarbonate in karst environment. The growth, photosynthetic capacity, antioxidant enzyme activity, osmotic regulation
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substance content and cell membrane damage of Broussonetia papyrifera and Morus alba seedlings under three different
concentrations of NaHCO,(0, 15, 30 mmol - L', respectively) were examined in the present study. The results were as
follows: (1) Under HCO; treatment, the growth and photosynthetic capacity of Broussonetia papyrifera and Morus alba
seedlings were significantly inhibited, accompanying the physiological responses of leaf cells to antioxidant and osmotic
stress were significant. (2) The inhibitory effects of HCO; on the growth of Broussonetia papyrifera and Morus alba were
concentration-dependent, and showed significant differences among examined concentrations ( P<0.05). (3) The
inhibitory effects of the growth, photosynthesis, antioxidant enzyme system and osmotic regulation system and the damage
of plant cells under 30 mmol - L' HCO; treatment were significantly stronger than those of 15 mmol - L' HCO;
treatment. (4) Under the same concentration of HCO;, the growth, photosynthetic capacity, antioxidant enzyme
activity, osmotic regulating substance content of Broussonetia papyrifera were significantly higher than those of Morus
alba, and its leaf cell damage was significantly lower than that of M. alba. The results mentioned above indicate that
HCO; inhibits the growth, photosynthesis and resistance physiology of M. alba and Broussonetia papyrifera under
bicarbonate stress, and the tolerance of B. papyrifera to bicarbonate stress is better than that of Morus alba, which means
that Broussonetia papyrifera is more adaptable to the environment of bicarbonate stress. This study provides scientific
support for the adaptation mechanism of Moraceae to karst environment.
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RIS 1) A A AR 2 VR HT3R T 15 mmol -
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mmol + L HCO; &b B 44 4 1 S A% 1Y) 4% T A= K 48
PRI 50 A B35 22 5 (P<0.05) o A [ 4 A )
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Table 1  Growth indices of Morus alba and Broussonetia papyrifera after HCO; treatments for eight days
Yy el K i R 15 mmol - L™ 30 mmol - L

Species Growth increment Control HCO; HCO;
FM ¥R AH (em) 6.80+0.54Aa 1.81+0.17Bb 1.73+0.13Bb
Morus alba 342 AD,( mm) 0.59+0.03Ba 0.21+0.05Bb 0.22+0.02Ab
% AN (n) 2.67+0.15Aa 1.33+0.58Ba 0.33+0.58Bb
A # (M %E>70 mm) 2.33+0.58Aa 0.67+0.58Bb 0.00+0.00Bc

AN, (leaf width>70 mm) (n)
Liaki) k5 AH (cm) 5.87+0.42Ba 3.43+0.13Ab 1.84+0.26Ac
B o »

roussonetia papyrifera 4% AD,(mm) 0.74+0.02Aa 0.57+0.04Ab 0.21£0.03Ac
%L AN (n) 2.67+0.58Aa 2.33+0.58Aab 1.33+3.58Ab
A (M %E>70 mm) 2.00+0.58Ba 1.33£3.58Aa 0.33+3.58Ab

AN, (leaf width>70 mm) (n)

TE: BT BE bR 2 . ARG SRR 7] — BRI FOR [ R HCO, Ab #2253 135 ( P<0.05) s AN R TS S BE 38 7R S A ) i )

— M HCO AP 7 B3 (P<0.05) , T,

Note: Data are x+s. Different lowercase letters indicate those treatments of the same tree species with different concentrations of HCO; are

significantly different (P<0.05) ; Different capital letters indicate those treatments of different tree species with the same concentration of

HCO); are significantly different ( P<0.05). The same below.

2.2 HCO; b B2 33 # 48 1 SR 438 S & 4 AE B =2 M)
Wk 2 R, Al — R F#h A 7 % BE HCO; 4b B
T BEE VR R SEAn, A R R R P, g R T, 1Y
BETHE. R CuN, LR, MR C,5%
VNN, L SIS 98/ . 30 mmol - L'HCO;
Qb B R R RN SRR ) 4% T A R A A2 4 o R R Y
3T 15 mmol - L' HCO; 4 ¥, H 15 mmol - L
HCO; A1 30 mmol + L' HCO; Ab R A4 44 F1 5 4 119
BHOCA PR 5 X A A B 3% 2% 5 (P<0.05)
AN [A] B B [F] — ¥ BE HCO; 4b B, M A 7R 15
mmol + L™ HCO; 2L N L& 46 bn i 2 5 T R
(P<0.05) , ¥ GG AR A2 4 i B AR B2 /N T 56
2.3 HCO; % B THw il R MM KL B F
WE 1 R, 8 — B Fh A [5 % BE HCO, 4b 2]

T, Bifi oAb 3L R AT (] 64 3 0, AL R A SR I R
SOD i ¥ 3)  # 7H & J5 F ¥, 30 mmol - L' HCO;
AR FEXT R RN SR SOD P 14 410 il 45 F 5 3 o T
15 mmol - L' HCO; 4L B ( P<0.05) , AS[a] B il [7]
— VKB HCO AL BT, Bl & I [A] A3 T, 15 mmol -
L' HCO;ZbH A8 it /- SOD 1% Mz i 7t =i , 26
8 KIN B A AR, T M i Frh SOD 1% HE7E 2 6
KAk 8 5 e, B S TR, 30 mmol - L HCO; 4b
R, MR R SOD T PSS 2 KA B, T SRR I
h SOD & TR 4 Rt , BEJS , IR it R
SOD fHY TR, MMt B SOD 16 P 3% i T S b
(P<0.05)

L 2 m] R [a] — B AR [ ok B HCO; ik 3
&, Bif A A B R A ] 3G I, AR R POD TR
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Table 2 Photosynthetic parameters of Morus alba and Broussonetia papyrifera after HCO; treatments for eight days

Yy HESE popiist 15 mmol « L' 30 mmol - L
Species Photosynthetic parameter Control HCO; HCO;
B P (pmol - m? - s™) 7.06+0.54Aa 2.26+0.15Bb 1.26+0.10Ac
Morus alb

oris 4 g.(mol » m? - s™) 0.16+0.01Aa 0.06£0.01Ab 0.02+0.00Ab
T.(pmol » m? + s™) 3.25+0.35Aa 0.99+0.10Ab 0.72+0.05Ab

C,(wmol + mol™) 472.73+19.58Aa 372.18+13.79Bab 296.25+18.65Bb
L.( mol + mol™) 0.21+0.02Aa 0.38+0.02Bab 0.49+0.02Bb
) P, (pmol + m? - s™) 8.08+0.25Aa 4.67+0.15Ab 1.73£0.12Ac
Broussonetia. papyrifera g.(mol - m? +s™) 0.23+0.03Aa 0.12+0.01Ab 0.02+0.00Ac
T (pmol - m? + s") 3.46+0.28Aa 1.78+0.10Ab 0.58+0.02Ac¢

C,( pmol - mol™) 549.38+31.01Aa 431.58+15.76Ab 469.69+19.23Ab
0.09+0.01Aa 0.28+0.03Ab 0.21+0.02Bb

L,(pmol + mol™)

AR INE R R R R — B iR [ vk B HCO; A3 25 5 i 3
(P<0.05) s AN K5 5 BE 275 S [R)4% il 7] — ¥R )& HCO Ab
PR B (P<0.05) , BAE N EbrEE, TR,

Different lowercase letters indicate those treatments of the same
tree species with different concentrations of HCO; are significantly
different ( P < 0.05); Different capital letters indicate those
treatments of different tree species with the same concentration of
HCO; are significantly different (P<0.05). Data are x+s. The

same below.

E 1 FEXFHR 15 mmol - L' HCO; 130 mmol - L' HCO;
AEFER R BRI ZA I SOD YRR E AL

Fig. 1 Changes of SOD activities in Broussonetia papyrifera

and Morus alba leaves under 15 mmol - L HCO;,

30 mmol + L' HCOjand control treatments

#£ 30 mmol + L' HCO; &b ¥ & F 15 mmol - L
HCO;4bBE , R0t F- POD 1% ¥ 3% TG T I,
30 mmol - L' HCO; &b BEXF A4 0t - POD 1 #4119
T 2 258 T 15 mmol - L HCOZ 4L ¥ (P<
0.05) . A F ] — ik B HCO; b T, B % A

B2 FEXTHR 15 mmol - L7 HCO;*H 30 mmol - L.
HCO AL BT MR ISR - i POD 16 R AYAE 1L

Fig. 2 Changes of POD activities in Broussonetia papyrifera
and Morus alba leaves under 15 mmol - L' HCO;,

30 mmol « L' HCO; and control treatments

W] B4 1, 15 mmol « L™ HCOS &b BEF | A4 44 i
POD I HEMES 2 KRB 8 KEFLE BT, i &40t
F POD {f 5% EFHF B BT, 30 mmol - L
HCOALH R FRi it i POD 3G PEMEE 2 KEH 6
REFLE I Pk B w8, Z )5 F B, i SRt
i POD TE RS 4 REF 5, Z 5 W MR,
FIRREY POD 1GPEA W3 25 7 M (P<0.05)

Kl 3 R A — R FOR R R B HCOS AT | bl
o AL 3R FE AV (] (Y 35, AR i CAT i 4 30
mmol + L HCO;%EEE%%{F 15 mmol - L HCO;
AFE(P<0.05) , M S I - CAT 61 B F 7w 5
VB3R e, 30 mmol - L' HCO; 4b 3 X} Z2 1) it
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Bl 3 FEXTER 15 mmol - L' HCO; M 30 mmol - L
HCO AL BT M) FI A I R CAT 6 % 19 284k

Fig. 3 Changes of CAT activities in Broussonetia papyrifera

and Morus alba leaves under 15 mmol - L' HCO;,

30 mmol - L HCOjand control treatments

CAT 15 A HI/E 2 238 F 15 mmol - L' HCO;
AbFE (P<0.05) , AR Rl — 4k B HCO; /b BT,
Bt R [E] AG 48 T, 15 mmol - L' HCO AL 3R, ¥
MFM 0 B CAT 36 ¥ 76 28 6 K i 45 #5530
mmol - L' HCOZZLEE R MR F - CAT 7% $E R 2
KREH 6 RFFE: b I IF Ik 8 & 8, 1 R0
CAT VETETESS 4 Rintie i, ZJ5 W% F R, AR
R CAT TR B35 22 4% (P<0.05)
2.4 HCO; R B THHMIMBHMNEERTYREE
M 4 FTLUE Y [6)— B A R kB2 HCO, Ak
FRT, it 25 A B e RITERE (6] (0 254 o, A A D S
RIRE R & =8 8% LFE TR, 30 mmol - L
HCO A 35T ) W) 71 52 A iy 220 2 25 5 9 400 31 4 1
SR T 15 mmol + L' HCO; AL FE ( P<0.05) , AN
[ A ] — Mk B HCO; AbH T, B 25 1S () %) 388 o,
15 mmol + L™ HCO; &b BT, #9B if il 2 2 7%
MEE 2 REY 6 REFLLT TR IFFa e | i S ot
A IR & A 4 Rt s, 2 )5 B3 T [ 30
mmol - L HCO 2N AR i 1 il 22 % 12 56 2
REH 6 RFEFEE LT IF 33k e w100 S A 0 F il
FIRSTENG 2 KEH 8 K—HIFL %, MR
FIRR A IR & A 3% 22 R (P<0.05) .
mE 5 B, [m— RS Rk B HCOS AL,
Wi 5 Kb 3V J32 AT [0 ) 38 o, 0 A R SRR I P
PEME & 2 RO S R B E T FE, 30 mmol - LY

Kl 4 ZEXFHR 15 mmol - L' HCO; A1 30 mmol - 1"
HCO A BT A4 1 1 S0 - A i 2 5 k1 A2 4k
Fig. 4 Changes of proline contents in Broussonetia papyrifera
and Morus alba leaves under 15 mmol - L' HCO;,

30 mmol « L. HCO;and control treatments

HCO Ab B4 Xof g A A S8 A it e ] P AR 5 s 1 100
FIVEH SR T 15 mmol - L' HCO; 4L B ( P<0.05) ,
AR Rl — e B2 HCOS AL BT, Bl e ] g 3
15 mmol + L'HCO; ZbBEF , ¥ B i - W i Pl 5
TE5S 4 KR ETFE] 120 mg - ¢! 24 i R AR 554
E MM 7 AT PR & 5 NS 4 KIS IR T RE
30 mmol + L HCOARFE  Fa it Al 5 M 25 1
TESF 4 RIFIR B ME, B 218 T [, T SRt Fr
FIVATERE S NG 2 KBS 8 K—HAFE T RE.
2.5 HCO; b3 T MR Fn R B R B $R (75 1F I

W 6 frs, [/l — B Fl A [\ v B2 HCO; 4b 21
&, Bt A B R RS [R] %) 35 0, AR AR SR I
TBARS & #3J2& 30 mmol - L' HCO; 4L B &5 T 15
mmol + L HCO; A ¥ ( P<0.05) , ff A 30 mmol -
L HCO3 Ab S F4) % 1 S it 5 200 i 463 45 1 2
K& T 15 mmol - L' HCOS ZLFH . AN [w] 44 Fil [
— W HCOAL BT | Fifi 25 1) (B8] 19 48 A1, 15 mmol -
L' HCO AR, M i TBARS & & .4 FTF,
FNH 4 RIFEEELE 110 nmol - g 247, TBARS &
XA A W E 2R (P<0.05) , 1M A B i
TBARS & it 5% 2 WA 1 % 22 % (P>0.05) 530
mmol + L HCO; &b BN, ¥4 4% F1 S5 4 i 7 ot 19
TBARS & ¥ 2 K2 8 REFLk I3k
Wi o FBTH TBARS 7 it ¢ i3 TR A Rtk 5%
B I R 240 A3 47 1 R o T AL AR
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El'5 FEXFHR (15 mmol - L' HCO; Al
30 mmol - L' HCO AL B R ##} Fl
S R MR A
Fig. 5 Changes of soluble sugar contents in Broussonetia

papyrifera and Morus alba leaves under 15 mmol « L
HCO;, 30 mmol - L' HCO; and control treatments

K6 FEXTIE 15 mmol - L' HCO;
30 mmol - L HCOAb B F ## 1
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Fig. 6 Changes of TBARS contents in Broussonetia papyrifera
and Morus alba leaves under 15 mmol - L' HCO;,
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