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Effects of N deficiency and resupply of N nutrient on banana growth and

root morphological parameters

LIU Fang, LIN Lihua, ZHANG Lidan, FAN Xiaolin’, SUN Shaolong
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective]The purpose of the paper was to understand the effects of nitrogen deficiency and
restoration of nitrogen nutrients on banana seedling growth, root morphological parameters and develop-
ment of typical deficiency symptoms in order to provide theoretical basis for banana N nutrition diagno-
sis and fertilization.[ Methods] The experimental design was a randomized complete block with 3 treat-
ments. The treatments were supplied in quartz sand culture in a pot experiment. The three treatments
were banana supplied complete Hoagland nutrient solution (control, T1), minus nitrogen (-N) nutrient
solution (T2) and restoration of nitrogen involving resupply whole nutrients solution after N deficiency
symptoms were observed (T3). Each banana seedling with 6 green leaves was transplanted to a pot of
13 cm (bottom) to 16 c¢cm (top) in diameter and 15 c¢cm in height. The banana seedling was rinsed with de-
ionized water for one week before treatments were implemented. T1, T2 and T3 had 90, 33 and 15 pots

as 90, 33 and 15 repetitions respectively. The banana seedlings of the control were irrigated with modi-
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fied complete Hoagland nutrient solution, in which the molar ratio of N and K,O changed into 1:2. T2
supplied Hoagland nutrient solution of N deficiency. T3 was applied with Hoagland nutrient solution of
N deficiency until typical mild N deficiency symptoms developed in 50 percent of banana seedlings,
when they were supplied complete Hoagland nutrient solution. Morphological characteristics of banana
seedlings were observed every day after the treatments. The nitrogen deficiency symptoms and time of
its appearance were recorded in detail. Chlorosis of the leaves was obvious, which was regarded as mild
nitrogen deficiency symptoms. When the plants showed slow and weak growth, they were considered to
have moderate nitrogen deficiency symptom. Stagnated plant growth with some dead leaves was classi-
fied as severe nitrogen deficiency symptom. Sampling of seedlings showing mild and moderate nitro-
gen deficiency was conducted at 31 days and 67 days after nitrogen deficiency treatment, respectively,
when mild and moderate nitrogen deficiency symptoms in 50 percent of banana seedlings in T2 were
observed. Banana shoot and root samples were collected from Tland T2. Sampling time of T3 was 32
days after the recovery of nitrogen supply, when nitrogen deficiency symptoms in 50 percent of banana
seedling disappeared. Banana shoot and root samples were collected from all the treatments. The fresh
weight, dry weight and water content of shoot and root were measured. The root morphological parame-
ters were analyzed with WinRHIZO software. The length, surface area, volume, mean root diameter of
total root and root with diameters of <<2.0 mm, 2.0 mm to 4.5 mm and >4.5 mm were tested.[Results]
Nitrogen mild deficiency symptoms could be observed 7 days after N deficiency treatment. The leaves
developed a chlorosis in mature leaves, which then became evident in middle leaves. Moderate nitrogen
deficiency symptoms in banana seedlings were observed with the time of nitrogen deficiency. Banana
seedlings began to grow slowly, and then new sprouting leaves became smaller. The height and circum-
ference of the stems increased slowly. Thus the banana seedlings became small and thin. The growth of
the seedlings became extremely slow and then stagnated with the development of severe nitrogen defi-
ciency symptom. The lower leaves died faster, and the number of dead leaves increased while the num-
ber of green leaves decreased. Phenotypic characters of banana seedlings returned to normal and symp-
toms of nitrogen deficiency disappeared 32 days after recovery of nitrogen supply. However, the effects
of N deficiency severity and N deficiency-resupply on shoots and roots of banana seedlings were differ-
ent. Mild nitrogen deficiency inhibited the shoot growth of banana seedlings. There was no difference in
the dry matter of shoots between N deficiency treatment and the control. On the contrary, mild nitrogen
deficiency stimulated root growth. Compared with the control, the dry matter of roots significantly in-
creased. Moderate nitrogen deficiency significantly inhibited the growth of banana seedlings. Compared
with the control, the dry matter of shoots decreased by 19.25%. However the effect of nitrogen deficien-
cy on root growth was weak and the dry matter of roots had no obvious difference from the control. 32
days after N deficiency-resupply, the morphological symptoms of N deficiency disappeared completely,
and the dry matter of shoots and whole plants increased by 6.08% and 5.24%, respectively, but still was
significantly lower than those of the control. Compared with the control, total root length of N deficien-
cy decreased significantly. Total root length of N deficiency was 58.3% of the control at mild N defi-
ciency period and 49.3% at moderate N deficiency period. The length of fine roots with a diameter <<2
mm decreased. Average root diameter and total root volume of N deficiency increased obviously. The
average root diameter and total root volume of N deficiency were 1.85 times and 2.01 times of the con-
trol, respectively. The volume of the roots >2 mm in diameter increased. However, the difference in av-
erage root diameter and total root volume between the N deficiency and the control became smaller

with the increase of nitrogen stress time. The roots tended to be normal when improved Hoagland com-
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plete nutrient solution was resupplied to the banana seedlings experiencing N deficiency. Compared to

N deficiency, the total root length, especially the length of fine roots with a diameter >2 mm increased

significantly and the average root diameter, total root volume in N deficiency-resupply treatment de-

creased significantly. However there was a significant difference between the N deficiency- resupply

and the control.[Conclusion]The phenotypic symptoms of nitrogen deficiency in banana can reflect the

nitrogen nutrition status of banana in time. The symptoms of nitrogen deficiency can be restored in a

short time by timely supplementation of nitrogen fertilizer, but the recovery period of dry matter and

root growth lags behind the recovery phenotypic symptoms. In banana cultivation, banana seedlings

should be properly fertilized based on soil fertility and nutritional characteristics, so as to avoid apply N

fertilizer after significant N deficiency symptoms develop.
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Fig. 1 Symptoms of nitrogen deficiency in banana seedlings
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Table 1 Dry matter and water contents of banana seedlings at stage of mild N deficiency

Jb 3 P35 53 MR 5T H: Dry weight per plant/g w(7K) Content of water/% FE b
Treatment i |38 Shoots R % Roots APk Plants  Hi 3B Shoots & & Roots 41 Plants Root-shoot ratio
IE# Control 4.91+£0.20 0.57+0.05 5.48+0.24 93.11+0.16* 95.08+0.19* 93.39+0.15% 0.12

BN deficiency 4.95+0.23 0.99+0.07* 5.94+0.30 91.68+0.08 93.01+0.25 92.16+0.12 0.20%*

e A BECE R IR RTE 0.05 K EA Bl E 2 R, TR,

Note: Symbol * following the means in the same column indicate significant difference at 0.05 level. The same below.
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Table 2 Effects of N deficiency and N deficiency-resupply on dry matter and water content of banana seedlings

SRR RR T4 U & Dry weight per plant/g

b w(7K) Content of water/% W
Treatment Hh_F 3B Shoots R & Roots  4xfkPlants  Hb [} Shoots R % Roots 4= #k Plant Root-shoot ratio
1E Control 10.18+0.30 a 1.51+0.06 a 11.3440.35a 92.90+0.14 a 96.87+0.08 a 93.72+0.12 a 0.11b

BN deficiency 8.22+0.63 b 1.51+0.17 a 9.73+0.80 b  88.76+0.31 b 96.18+0.07 b 91.36+0.16 b 0.18a

%N resupply 8.72+0.31 b 1.5240.10 a 10.24+0.38 b 93.10+0.33 a 96.20+0.15b 93.85+0.26 a 0.18 a

T AT R A FVNG FRERORAE 0.05 KF LRZFHZER. R,

Note: The different small letters following the means in the same column indicate significant difference at 0.05 level. The same below.
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Table 3 Effect of mild nitrogen deficiency on root morphological parameters of banana seedlings
sl SRR MR FEIEAR PERUN/A
Treatment Total root length/cm Root surface area/cm’ Average root diameter/mm Root volume/cm’
1E# Control 3039.6+45.8* 495.90+9.07 0.52+0.01 6.48+0.26
#Z N deficiency 1773.0£125.2 534.4138.21 0.96+0.04* 13.01£1.17*
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Table 4 Effect of N deficiency and N deficiency-resupply on root morphological parameters of banana seedlings
b3 R JSE LA THERR SN
Treament Total root length/cm Root surface area/cm’ Average root diameter/mm Root volume/cm’
1iE% Control 7155.1x4793 a 1164.1+63.6 a 0.52+0.01 ¢ 15.22+0.08 ¢
B N deficiency 3556.0£357.4 ¢ 930.7+83.0 a 0.84+0.02 a 20.01+1.70 a
52 %N resupply 5383.6+£676.6 b 1 045.3+84.9 a 0.64+0.04 b 16.89+0.85 b
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