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Abstract The aim of this study is to investigate the effects of hydroponic culture hardening using modified
Hoagland solution on the growth and photosynthetic characteristics of tissue cultured banana seedlings. Micro-
propagated ‘Brazil’ banana seedlings were divided into three groups: direct transplanting (G1), transplanting after
normal hardening (G2), and one week of hydroponic culture before transplanting (G3). Following transplantation,
the morphological and physiological characteristics and growth related indexes of banana seedlings from these
three groups were compared. Results showed that some growth and development indexes of G3 seedlings,
including root length, aboveground and underground dry weight, and root-shoot ratio were significantly higher
than those of G1 and G2 (P < 0.01). Furthermore, the root number of G3 seedlings was significantly greater than
that of the other two groups (P < 0.05). Four months after transplanting, the plant height, leaf width, and leaf
length of G3 plants were significantly higher than those of G2 (P < 0.01). They were also higher than those of
G1, although not significantly. The leaf chlorophyll content and root activity indexes were highest in G3, followed
by G2, then G1, with these two indexes being significantly higher in G3 than in the other two groups (P < 0.01).
At four months post-transplantation, the chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid contents
in G3 leaves were 49.0%, 50.1%, 49.4%, and 58.5% higher, respectively, than G1 leaf contents. Similarly, they
were 23.98%, 28.38%, 25.43%, and 26.77% higher, respectively, than contents of G2 leaves. The root activity
of G3 plants was approximately 3.04 times and 1.86 times that of G1 and G2, respectively. Additionally, the net
photosynthetic rate, transpiration rate, stomatal conductance, actual photosynthetic rate (YIl), electron transport
rate (ETR), and photochemical quenching coefficient (g;) of G3 seedlings were all found to be significantly
higher than in the other two groups (P < 0.01). Our results show that hydroponic culture prior to transplantation
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can increase root activity, enhance plant growth, and increase leaf chlorophyll content, and significantly promote
plant photosynthetic efficiency and biomass accumulation in banana seedlings. This indicates that hydroponic
culture hardening has great potential to be used in banana seedling propagation.

Keywords hydroponic culture hardening; banana; plant growth; root activity; photosynthetic characteristics
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Fig. 1 Effects of different hardening treatments on the upground part growth characteristics of banana seedlings.
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Table 1 The influence of different hardening treatments on the root length and root number of banana seedlings
P[] i1 Root length (//cm) % Root number (N/stripe)
Time G1 G2 G3 G1 G2 G3
##%2/1~H 2 months post transplanting ~ 15.77 £ 5.94 12.35+4.48 28.70 + 3.37" 5.80 £ 1.57 6.20 £ 1.57 6.40 £ 1.26
##4%4~ 4 months post transplanting ~ 23.75 + 6.24 20.75 +4.27 38.25+4.99" 6.75+ 1.26 7.00 +1.83 10.25 +2.06°
TR GG 7 7 5% (P <0.05) Bl ¥ (P<0.01) .
“and” respectively represent significant (P < 0.05) and very significant (P < 0.01) difference compared with G1.
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Fig. 2 Statistical results of the banana seedling biomass under different treatments at 4 months post transplanting. " and ~ respectively

represents significant (P < 0.05) and very significant (P < 0.01) difference.
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Fig. 3 Effects of different treatments on banana root development
and seedling growth. A: Roots at the bottom of the substrate. Arrow
indicate the roots of G3 at the bottom of the substrate. B: Seedling
phenotypes. The seedling in A and B from left to right is respectively
plant of G2, G1 and G3.
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Fig. 4 Results of root activity of banana seedlings under different
treatments. "and "~ respectively represents significant (P < 0.05) and
very significant (P < 0.01) difference.
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Table 2 Correlation analysis result of growth related indexes

tihr it s i 5t i g MK gy, JRETE
Index Plant height Leaf length Leaf width  Root length Root Number : Root activity pgrou Y
ratio weight
K Leaf length 0.775" 1
58 Leaf width 0.642° 0.823" 1
21 Root length 0.517 0.576 0.407 1
2% Root number 0.532 0.48 0.356 0.725" 1
276 k. Root-shoot ratio 0.774" 0.715" 0.525 0.717" 0.709" 1
1R 1% 71 Root activity 0.574 0.525 0.267 0.762" 0.717" 0.7217 1
o - TFE 5 o - 5 o -
Ui ettt 0.688 0.742 0.474 0.866 0.650 0.808 0.866 1
N FE - . - . . - -
Underground dry weight 0.722 0.750 0.47 0.813 0.772 0.845 0.928 0.949
FU IR R (P<0.05) A EZE (P<0.01) M.
"and " indicate significant (P < 0.05) and very significant (P < 0.01) correlation respectively.
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