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Effect of perennial drought environments on Citrus tangerina Hort. cv.
“Chuanju” growth, nutrient absorption and physiology
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Abstract The objective of this paper was to study the specifics of Citrus tangerina Hort. cv. “Chuanju” in terms of growth, nutrient
absorption and related physiological responses to perennial drought environments using annual irrigations as the control. The main
aim of the study was to reveal any adverse impacts of perennial drought on citrus. The phenological phases, new shoot/fruit growth
conditions, leaf life spans, and N, P, K, Ca, Mg, Fe, Cu, Zn and B contents of spring-shoot leaves/fruits were measured in four
successive years. The relationships among physiological diseases, droughts and nutrient uptakes were researched into along with

morphological characteristics, organizational structures and drought-resistance physiology. Also the relationships between
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physiological response and the adaptability to perennial drought were discussed. The results showed that under perennial drought
environments, growth, flowering and fruit-dropping periods clearly delayed while fruit maturity period advanced. Leaf life span
shortened; shoots became shorter, thinner and the amounts of shoots and leaves dropped while leaf withering worsened. The degree
of leaf leathery increased and so leaves became smaller and thicker. Deficiency symptoms caused by elements such as N, Zn, Fe, B,
etc became very distinct. Fresh weight, dry-matter weight, water content, seed amount, juice content and N, P, K, Ca, Mg, Fe, Cu, Zn
and B contents in spring shoot leaves obviously dropped along with those of N, P, Ca, Fe and B in fruits. The degrees of fruit
gummosis and juice sac granulation worsened such that fruit quality fell drastically. Leaf palisade tissues thickened while spongy
tissues thinned out. CTR (tissue tense ration) and stomata density increased as stomata and SR (tissue soothing ratio) got smaller. The
contents of proline, soluble sugar and water saturation deficiency in leaves increased. Dehydration rate, relative water content and
leaf water potential dwindled. Then while Pn and Tt clearly dropped, WUE drastically improved in summer. The study showed that C.
tangerina Hort. cv. “Chuanju” had strong ability to adapt to perennial droughts. Under perennial drought environments, C. tangerina
Hort. cv. “Chuanju” adopted specific adjustments to resist adverse environments. Such adjustments involved in growth regularities,
plant/leaf shapes and life spans, leaf thicknesses and structures, stomata densities and sizes, leaf water saturation deficiencies,
dehydration rates and relative water contents, leaf water potentials, proline/soluble sugar contents, Pn/7r. Perennial droughts were the
main causes of canopy shoot deaths, slow fruit developments, seed abortions, seedcase gummoses, juice sac granulations and
decreased element contents of fruits/spring shoot leaves.

Key words Perennial drought, Citrus tangerina Hort. cv. “Chuanju”, Fruit development, Nutrient element, Morphological
characteristics, Tissue dissection, Drought physiology
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Table 1 Effect of perennial drought environment on phenological phase of C. tangerina Hort. cv. “Chuanju” (2006—2009)

(- ) Beginning and ending date (month-day)

Organ Phenological phase Perennial drought Irrigation
Sprout period 02-22—02-27 02-03—02-10

Spring shoot Growing period 03-03—03-16 02-21—03-05
Self-pruning period 04-01—04-07 03-09—03-16

Alabastrum period 03-24—04-02 03-03—03-10

Flower Flowering period 03-25—04-05 03-11—03-22
Falling period 04-06—04-10 03-23—03-29

Sprout period 09-01—09-08 08-16—08-20

Autumn shoot Growing period 09-10—09-27 08-22—09-19
Self-pruning period 09-28—10-03 09-20—09-24

1 First fruit dropping period 04-25—05-10 04-01—04-08

Fruits 2 Second fruit dropping period 06-06—06-13 05-07—05-13
Fruit colouring period 10-06—10-14 10-21—10-26

Fruit maturity period 11-26—12-05 12-16—12-21

Fallen leaves beginning period 10-11—10-15 02-01—02-05

Leaf Fallen leaves stopping period 12-27—01-05 03-09—03-15

Table 2 Effect of perennial drought environment on shoots growth of C. tangerina Hort. cv. “Chuanju” (2006—2009)

F2 KETEREXNIFBHEERHEE

Shoot Growth index Perennial drought Irrigation
Amount (twig-plant™") 678.06£53.84 1308.11+85.96"
Spring shoot Average length (cm) 3.03+0.02 7.19£0.24™
Average thickness (cm) 0.18+0.01 0.29+0.01"
Average amount of leaves 4.42+0.32 7.17+0.43"
Average area of leaf (cm?) 9.51+0.42 15.08+1.05™
Died rate (%) 63.03£6.85"" 3.01£0.12
Amount (twig-plant™) 11.35+0.63 93.58+4.73"
Autumn shoot Average length (cm) 3.11£0.03 9.56+0.12"
Average thickness (cm) 0.21£0.01 0.30£0.01"
Average amount of leaves 4.80+0.03 7.78+0.02"
Average area of leaf (cm?) 12.59+0.21 16.97+0.35™
Died rate (%) 51.02+0.61" 2.63+0.01
T * (P<0.01) (P<0.05) Difference significance is analyzed by T-test, ** and

* indicate respectively significant difference at 0.01 and 0.05 levels.
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Table 3  Effect of perennial drought environment on seeds abortion and fruits lesion of C. tangerina Hort. cv. “Chuanju”

Percentage of gummosis

Percentage of juice sac granulation

Year Environment condition Amount of seeds in fruit fruit (%) fruit (%) Juice content (%)
2006 Perennial drought 2.12+0.18 38.07+2.43" 113440217 30.16+1.87
Irrigation 9.50+0.15™ 3.58+0.21 1.67+0.05 55.4142.51""
2007 Perennial drought 3.6840.11 4431+1.24" 11.58+0.15™ 28.65+2.85
Trrigation 10.21+0.14™ 6.12+0.10 1.720.05 58.44+2.95"
2008 Perennial drought 4.09+0.13 39.87+1.63" 9.38+0.18" 31.55+2.10
Irrigation 11.15+0.20™ 5.07+0.30 1.95+0.08 59.88+3.30"
2009 Perennial drought 3.14£0.13 41.35+3.79” 10.23+0.34™ 32.3242.37
Irrigation 11.03£0.35™ 5.21+0.40 1.89+0.22 57.08+3.71""
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Table 4 Effect of perennial drought environment on element contents in spring shoot leaves of
C. tangerina Hort. cv.“Chuanju” (2006—2009)
N P K Ca Mg Cu Fe Zn B
Environment condition (%) (mg'kg™)

. 2.05+0.02 0.15+0.01 0.43+0.01 2.96+0.03 0.27+0.01 9.8240.03  44.67+0.42 12.03+0.33  16.63+0.10
Perennial drought

Trrigation 2.81+0.03"  0.23+0.01"  1.25+0.02 3.13£0.03"  0.43+0.01" 111.10£0.03"" 104.64+0.63" 27.59+0.21"" 53.31+0.46"

x5 KHETERERENLBH R SFLRBE SRR
Table 5 Effect of perennial drought environment on characters of stomata and leaf tissue structure of
C. tangerina Hort. cv. “Chuanju” (2008—2009)

Environment Stomata density ~Stomata major axis  Leaf thickness Stockade tissue Sponge tissue Configuration Sponge rate
condition (Number-cm ™) (um) (um) thickness (pm) thickness (um)  tightness rate (%) (%)
899.13+28.45" 12.67+0.07 235.83+6.85" 79.69+0.79" 118.49+0.78 33.79+0.39" 50.24+0.27

Perennial drought

Irrigation  803.21+29.30 16.32+0.09" 224.72+4.32 54.63+0.55 140.28+0.93™ 2431035 62.44+0.33"

Fo6 KHTERBEMLFBEHMFAKSERIERFN
Table 6 Effect of perennial drought environment on characters of water physiological indexes of C. tangerine
Hort. cv. “Chuanju” spring shoots leaves (2006—2009)

Environment condition Water saturation deficient (%)  Dehydration rate (g-g™"h™") Relative water content (%) Leaf water potential (MPa)
Perennial drought 45.35£1.69" 0.01:£0.003 64.14£1.36 ~4.18+0.15
Irrigation 35.86+1.32 0.06+0.005"" 68.80+1.07"" —3.04+0.14"
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Fig. 3 Changes of contents of proline and soluble sugar in leaves of C. tangerina Hort.cv. “Chuanju” under perennial drought and
irrigation conditions
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