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Effects of NaHCO, stress on morphological indices and
photosynthetic parameters of purple root Eichhornia crassipes

CHENG Beibei, CHEN Shengyan, YUE Liran”

(' Northeast Forestry University, Harbin 150040, China )

Abstract: In order to study the effects of NaHCO, stress on the morphological indices and photosynthetic parameters of
purple root Eichhornia crassipes, we used purple root E. crassipes as material, treated the adult purple root E. crassipes
with different concentrations of the alkaline salt NaHCO, solution, and determined the morphological indices of purple
root E. crassipes, including plant height, root length, root-shoot ratio, biomass, water content, and photosynthetic

parameters of purple root E. crassipes, including net photosynthetic rate (P, ), intercellular CO, concentration (C,),
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transpiration rate (7,) and stomatal conductance (G,). The results were as follows: The pH value of the water solution
of purple root E. crassipes at 20 mmol + L NaHCO, concentration was the most gentle; In low concentration of alkaline
salt NaHCO, solution ( <40 mmol - L"), compared with CK, the morphological indices of purple root E. crassipes
showed an increase or no significant effect, while in high concentration alkaline salt NaHCO, solution ( =60 mmol -
L), with the increase of NaHCO, concentration, the morphological indices of purple root E. crassipes decreased
significantly, and there was a negative correlation with the concentration of NaHCO,; NaHCO, stress had a significant
effect on the photosynthetic parameters of purple root E. crassipes, with the increase of the alkaline salt NaHCO,
concentration and the extension of experimental treatment time, the P, of purple root E. crassipes showed a continuously
decrease trend, and C;, T, and G, generally showed a continuously increase trend, and non-stomatal restriction was the
main way to restrict photosynthesis in the purple root E. crassipes. Comprehensive analysis indicates that the purple root
E. crassipes has a certain resistance to NaHCO,, and the purple root E. crassipes can normally survive in water

environment with an alkali concentration of no more than 40 mmol - L' NaHCO,, and the purple root E. crassipes can

40 %

improve the pH value of water bodies in the low alkaline salt NaHCO, concentrations.

Key words: NaHCO, stress, purple root Eichhornia crassipes, morphological indices, photosynthetic parameters
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Table 1

Effects of different concentrations of NaHCO, stresses on plant height growth

and root growth during different treatment time

" NaHCO, X F 4k K
KE Day (d y RO
ks % Day (4) SR K S
. Effects of NaHCO, on
freatment lant height gro th or
3 6 12 15 18 plan W
root growth (%)
NG CK 4.83+ 5.33% 4.00+ 3.83+ 3.33% 4.83+ 0

Plant height 0.17ab 0.44ab 0.50b 0.33ab 0.17b 0.44a

(cm) 20 mmol - L 433 4.67+ 6.17+ 517+ 4.00+ 5.33= 13.36
0.67ab 0.17b 0.44a 0.60a 1.04ab 1.83a

40 mmol - L™ 3.83+ 3.67+ 5.17+ 4.50+ 5.00+ 2.00+ -7.66
0.60ab 0.44cd 0.60ab 0.76ab 0.58a 0.58b

60 mmol - L" 3.33% 4.50+ 4.00+ 3.33x 0.00+ 0.00= -42.04
0.33b 0.29hc 0.00b 0.33b 0.00c 0.00b

80 mmol - L 5.33% 3.50+ 2.50+ 1.00+ 0.00+ 0.00 -52.87
0.88a 0.17d 0.29¢ 0.00c 0.00c 0.00b

100 mmol - L 433 6.00+ 1.33z 0.50+ 0.00+ 0.00+ -53.51
0.33ab 0.00a 0.17¢ 0.00c 0.00c 0.00b
SE-44 Mean 433+ 4.61+ 3.86+ 3.06+ 2.06+ 2.03%
0.25 0.25 0.41 0.45 0.54 0.62

it CK 5.50+ 6.00+ 5.67+ 9.67+ 8.00+ 10.00+ 0

Root length 0.29b 0.00b 0.73d 1.36ab 0.50a 0.58a

(cem) 20 mmol - L* 8.67= 9.50+ 9.00+ 11.83+ 10.17+ 10.00+ 31.97
0.88b 1.15ab 0.58bc 1.17a 1.30a 2.08a

40 mmol - L* 12.50+ 13.17+ 10.17+ 1133z 10.00+ 8.33= 46.10
6.25ab 4.04a 1.59h 1.33a 1.15a 1.76a

60 mmol - " 14.67+ 9.67+ 15.67+ 11.67+ 0.00+ 0.00+ 15.24
2.19ab 0.44ab 0.33a 2.73a 0.00b 0.00b

80 mmol - L' 10.67+ 7.50+ 10.67 9.67+ 0.00+ 0.00= -14.13
2.91ab 1.26ab 1.01b 1.20ab 0.00b 0.00b

100 mmol - L 18.33+ 7.67+ 6.33+ 6.00+ 0.00+ 0.00 -15.24
0.88a 0.17ab 0.33cd 0.58b 0.00b 0.00b
SE-45 Mean 11.72+ 8.92+ 9.58+ 10.03x 4.69+ 4.72+
1.53 0.83 0.85 0.72 1.18 1.22

T Bl =B H bR R . FFIAR RN FRROR R —F8 4R AN F] NaHCO, Ab 3R] 22 57 . % (P<0.05) , T,

Note: Data=x=+ s_. Different lowercase letters in same column mean significant differences among different NaHCO, treatments within the same

indice (P<0.05). The same below.

FEI, e 300 B8 B4R T AE ) 9 RE T DL ) A K
S /D T T 20 [ IR 15 21 55 UE (Wang et al.
2013) . AHWFZE K B, 7E NaHCO, ¥ FF K I} ( < 40
mmol « L") MLt CK, SARK# A ik =5 AR K AR
5tk LU RN B 7K B A 48 AR 2 0 K B0 1B 2 S e
L5 T FE =5 NaHCO, #¢ BE RS ( =60 mmol - L") | BE#
NaHCO, ¥ B 0 T, SR8 2 i bk v AR AR
5k LU AN K i R B AIR, 5 NaHCO, ¥R B 2 A ¢
KR, X HFHAE(2018) W58 NaHCO, il X} 25 &
4 A A AN S 2 45 (2018) BIFSE £ 30 X 5y
BRI R S AE RS — %, [,

Wit 25 Ak BRI ) A 455 8, AR K A B bR e AR
M A5 K AR IR F iR A9 56 12 KR PUR ¥R
W HE T B, 2 B B 0 i ) 0 3R B Rk 2 R
NaHCO, 36 [ AE AT L2k 39 e e B Jolh i 140 0 3511
3.2 NaHCO, M ZRK B\ A X ESHAF N
SRR D T AR % 1 — PR R K AR 2
WEHE LAY Z 2] 11 2 5, (HA i K v
oK T . J7 0 IO R T T 85 A8 52 3 K it 45
J5 BT HRGE o A ST LS AR K 7 AR AR A D
FER LA NaHCO, 8 T HOt & S 80 A2 (L kA7
TWESE, RGEHAEA R 4 BE T B8 A Ab B ] ) S
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Table 2 Effects of NaHCO, stress on total biomass, root-shoot ratio, leaf water content and rhizome water content

KA Day (d)
fib
Treatment (u
3 6 9 12 15 18
B E CK 8.04x0.29¢  7.63+0.44d 12.16+1.00f 18.59+1.17¢ 17.53%0.33b 24.37+0.37¢ 1.00
Total biomass
() 20 mmol - L 27.76+0.33a 27.27+0.22a 27.57+0.17b 33.89+0.93a 30.65+0.88a 28.44:0.50b  1.99
40 mmol - 1" 19.86+£0.60d 19.67+0.00b 31.22+0.60a 33.07+0.60a 31.82+0.88a 32.38+0.33a  1.90
60 mmol - L 20.38+0.33d 18.29+0.33bc 19.27+0.38d 21.58+0.76b  0.00+0.00c  0.00+0.00d 0.90
80 mmol - L. 22.49+0.58c 17.80+0.60c 17.25+0.73e 15.36+0.73d  0.00£0.00c  0.00+0.00d 0.83
100 mmol - L 24.91£0.00b 16.64+1.01c 21.87+0.93¢ 7.42+0.39¢  0.00+0.00c  0.00+0.00d 0.80
-3 Mean 20.57+£0.73 17.89+0.87 21.56+0.33 21.65+1.36 13.33+0.67  14.20+0.48
et Lt CK 1.07 1.02 1.09 1.37 1.22 1.72 1.00
Root-shoot ratio 20 mmol - L 2.27 1.93 2.46 1.35 1.08 0.85 1.33
40 mmol - 1" 2.06 1.30 2.09 0.99 1.08 0.92 1.13
60 mmol « L 1.99 1.58 1.56 1.55 0.00 0.00 0.89
80 mmol « L" 1.55 1.43 1.12 1.32 0.00 0.00 0.72
100 mmol « L 1.24 1.06 0.68 0.84 0.00 0.00 0.51
V-5 Mean 1.70 1.39 1.50 1.24 0.56 0.58
R K CK 91.26 91.71 91.73 93.64 92.19 95.20 1.00
Leaf W‘(“o‘;r)""“te“t 20 mmol + L 92.73 91.63 93.15 94.01 95.36 94.73 1.01
‘0
40 mmol - 1" 91.47 91.65 93.80 94.73 94.86 96.41 1.01
60 mmol « L 91.55 92.50 93.55 94.61 0.00 0.00 0.67
80 mmol « L" 91.28 93.92 93.50 93.93 0.00 0.00 0.67
100 mmol « L 91.91 92.31 94.15 88.76 0.00 0.00 0.66
-3 Mean 91.70 92.29 93.31 93.28 47.07 47.72
WL EKE CK 91.73 92.72 92.81 94.57 94.08 94.91 1.00
Rhlz"mf ‘"t'at“ 20 mmol + L 93.76 93.30 94.22 92.95 93.45 94.85 1.00
conten
(%) 40 mmol - 1" 93.84 93.89 94.13 91.94 93.88 93.34 1.00
60 mmol « L 93.78 93.58 93.24 94.10 0.00 0.00 0.67
80 mmol « L" 92.31 93.10 92.70 92.98 0.00 0.00 0.66
100 mmol - L 91.50 92.52 92.63 85.66 0.00 0.00 0.65
SEH Mean 92.82 93.19 93.29 92.03 46.90 47.18
25.00 ¢ B Cumol < n® s €71 400. 00
o —— P, (umol "m* - s
% 20.00 | —=— G (mol - mifz' sig 350. 00 % % % % % % 4H
§ : —— 7, (mmol *m"-s) 2 300. 00
© @( o
& o 1500} & E 250.00
23 8 g 200.00
3R £ 10.00F 2 150,00
> a2 - .
o Q
[e]
£ 5.00 100. 00
& 50. 00
0.00 + + + + - g 0.00
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
H3B Light intensity(pmol *m”-s™) H3B Light intensity (umol *m2-s”

K1 KREDEET CK P, .C..T. Fl G, i1k
Fig. 1 Changes of P,, C,, T and G, of CK under different light intensities

n
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