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Abstract: The adsorption of high concentration of bicarbonate (HCO3 )originated from calcarous soils which are
rich in CaCO3zand CaCO3 itself are considered the main factors to cause zinc deficiency in crops. A solution culture exper-
iment was conducted to investigate that, under deficient and sufficient Zn supply, the effects of CaCO3 and HCO3  (addi-
tion as NaHCO3)addition on the growth and Zn absorption of two wheat cultivars (Xiaoyan22 and Zhengmai9023 )and a
barley cultivar (Xiyin2). The results showed that under deficient Zn supply condition, addition of bicarbonate caused the
obvious chlorosis symptoms of the three crops tested, and with Zn supply, the symptoms were slighter; meanwhile, bicar-
bonate obviously inhibited gowth of barley and wheat plants, and Zn sufficient supply could alleviate the inhibition. Zn
supply significantly increased Zn uptake of plants, and also the increase range in the shoots was higher than that in the
roots; the three test crops were all sensitive to Zn deficiency; Zn uptake affected by bicarbonate was mainly through in-
hibiting seedling growth and Zn translocation from roots to shoots, and with HCO3  addition barley had higher zinc
translocation rate than wheat, and more Zn was accumulated in roots comparing to no HCO3  addition in the nutrient solu-
tion With HCO3  addition, the Zn translocation rates of Xiaoyan22 and Zhengmai9023 decreased by 24. 0% and
23. 4%, respectively;while bawely increased by 31. 1% .The bicarbonate also greatly increased the pH of solution, but the
extent of pH increase was relatively small when growing plants in the nutrient solution. Compared with HCO3 , high con-
tent of CaCOs3 had little influence on plant growth and zinc uptake, but showed obvious influence on the pH increase of

nutrient solution.
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Tab.1 Effect of different zinc supply and CaCOy HCO3 addition on growht of different genotype crop seedling

/em fan o,y JC /) SPAD

Factor Level Tillering Root Pk‘mt Yellow leaf Green leaf SPAD /C” )
number length height mmber mber value Leaf area
Zn - 26b 21.3a 14.3a 3 4 33.2b 34.8a
Zn supply + 3.3a 2. 1a 14.3a 1 7 2.7a 2.2a
CaCO3HCO3 — 3.4a 2.7b 15.1a 1 7 46.9 a £2.0a
CaCO¥ CaCO3 3.2a 25.2a 14.0a 2 6 36.0b 48.7a
HCO3 addition HCO3 24b 15.8 ¢ 13.7 b 3 3 31.0c 25.0b
22 3.3a 25.5a 16.4 a 2 6 38.2ab 30.6b
Test crops 9023 2.9 ab 2.6b 13.3 b 2 6 39.5a 39.1ab
2 27b 15.6¢ 13.1b 2 4 36.2b 45.9a
; ; 22, 9023 0.61, 0.70, 0. 81.

Note: The multiple comparisons were conducted between different levels of a given factor within the same column. The same below. Leaf area index of Xiaoyan
22, Zhengmai 9023 and Xiyin2 (barley)were 0. 61, 0. 70, 0. 81, respectively.
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Tab.2 Effects of different treatments on biomass of wheat seedlings
/(g )
Seedling yield
Factor Level Root/ shoot ratio
Root Shoot Total
Zn Zn sapply — 0.51a 1.01b 1.52b 0.52 a
+ 0.56 a 1.30 a 1.86 a 0.44 b
CaCOy HCO; — 0.58b 1.37 a 1.95a 0.43 b
CaCOy HCO3  addition CaCOs3 0.67 a 1.22 a 1.89 a 0.58 a
HCO; 0.36 ¢ 0.87b 1.23b 0.43 b
Test crops 22 0.63 a 1.38 a 2.0l a 0.46 b
9023 0.52b 1. 14 b 1.66 b 0.46 b
2 0.46 b 0.9% ¢ 1.40 b 0.51 a
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b b b
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®- 0CaCO; O NaHCO, ®- 0CaCO; 0 NaHCO; — ®- 0.CaC0s DNaHCO,
L0 2.007 b ‘ B
. a
| =
0.80 R 1.60 2
£73 £73 £5
W 5 i 5 @;
iﬁ g iﬁ % osof o)
% 2 % 2 K
® e 5 2 040 w3
S e 0.00 £ . . N
Zn0 Znl Zn0 Znl Zn0 Znl
g Peg fer
Zn supply Zn supply Zn supply
1 CaCO; HQO; (). (b (o
Fig. 1 Effects of CaCO3; or HCO3 addition on the biomass of roots (a), shoots (b)and the
whole plants (¢ of three test crops under deficient and sufficient zinc supply
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The znc translocation rate from roots to shoots is defined as the percentage of the znc uptake in shoots to that in the whole plants
3 CGC0; HOO;3 Zn (a), (b
Fig. 3 Effects of CaCOy HCO3; addition on the zinc translocation rate in crops (a). and the

comparisons of zinc translocation rate among three test crops (b)
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3 5 pH
Tab.3 Nutrient solution s pH value during the five culture periods before replacement of the sdution
1 2 3 4 5
Factor Pretreatment Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
—Zn — 7.33a 7.13 f 6. 69 ef 6.70 d 6.88 d 7.03 ¢
Ca(03 7.43 a 7.93d 7.49 ¢ 7.17 ¢ 7.43 ¢ 7.47b
HCO; 7.37 a 9.31a 8.73b 8.39b 8.44 b 8.51a
+7Zn — 7.43 a T.12 f 6.74 e 6.71 d 6.81 d 6.97 ¢
CaC03 7.38 a 7.89d 7.46 od 7.13 ¢ 7.27 ¢ 7.42b
HCO; 7.38 a 9.12b 8.87 ab 8.34 b 8.38 b 8.49 a
CK — — 6.84 ¢ 6.51f 6.19 f 6.37 e 6.44d
CaC03 — 7.51e 7.29d 6.34 e 6.86 d 7.43 b
HCO; — 9.03 ¢ 8.97 a 8.60 a 8.75 a 8.51a
Note: The multiple comparisons were conducted within the same column.
2— — _
2.3.2 CO3 HCO3 5 mmol/ L. HCO3 . s
HCO3 HCOs , HCOs
C 4) : Zn HCO; . COo,
— 2+
) CaCO3 HCOs : CO2+H20 ( H2CO3, H2CO3+ CaCO3 ( Ca~ +
Ca03/HCOs  1.5~2.5 15  2HCOs HCO3 .
4 5 HCO;
Tab.4 Nutrient solution s HCO:; concentration of the five culture period before the replacement of the solution
mmol/ L
1 2 3 4 5
Faclor Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
— —Zn 0.64 0. 80 1.04 0. 95 0.98
+7Zn 0. 66 0.78 1.04 0. 95 0.98
CK 0. 65 0.75 0.55 0. 60 0.90
CaCO3 —7Zn 1.59 1.51 1. 89 1. 71 1.86
+7Zn 1.49 1. 68 2.12 1. 78 1.78
CK 1.30 1. 15 0.90 0. 95 1.65
HCO; —Zn 13.08 14.75 14. 40 13. 58 12.00
+Zn 13.93 14. 12 14.24 13. 63 12. 06
CK 14. 00 13. 65 12. 60 13. 00 10. 90
o5 C 3, oy . 1 5,
_ - _
HCO;5 CO; . CO5* 0.97
; 1 mmol/ L COs* 0. 73
2
COs ’ ’ mmol/ L, COSF .
COs* .
5 Co*
Tab.5 The carbonate (COs2 ) concentration in the nutrient solution under different treatments mmol/ L.
1 2 3 4 5
Factor Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
—7Zn — 0 0 0 0 0
Ca(03 0 0 0 0 0
HCO5 1. 40 0.77 0. 51 0. 46 0.43
+Zn — 0 0 0 0 0
Ca(03 0 0 0 0 0
HCOs3 1.03 .18 0. 30 0.38 0.43
CK — 0 0 0 0 0
Ca(03 0 0 0 0 0
HCO; 0.75 1. 30 1. 15 1.15 0.90
N N ° pI—]> 7 b
3 it -
) pH °
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