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ABSTRACT

This study was conducted to find out the influence of water stress from May to June on photosynthesis,
shoot growth and fruit quality of apple trees. Fuji’/M.9 apple trees were root pruned at full bloom
(30th April), parallel to the row of 30 cm or 60 cm from the trunk, to one side or both sides of trunk.
The average value of afternoon leaf water potential from May to June of the no root pruning was
maintained over —1.80 MPa, but that of root-pruning treatments was maintained under —1.80 MPa. In
the comparison of average value of leaf water potential from May to June by root-pruning degree, the
root pruning both sides at 30 cm from trunk was lowest (-2.06 MPa), followed by the root pruning
both sides at 60 cm (-2.02 MPa) and the root pruning one side at 30 cm (-1.91 MPa). Root pruning
one side at 30 cm or both sides at 60 cm reduced photosynthetic rate from May to June by 80% or
65%, respectively, compared with no root pruning. So, the degree of decreasing total shoot length or
average fruit weight compare to the no root pruning of the root pruning one side at 30 cm was 25% or
11%, respectively, and those of the root pruning both sides at 30 cm was 45% or 15%, respectively.
However, the soluble solid content and fruit color of the root pruning was higher than those of the no
root pruning, and those of the root pruning both sides was higher than root pruning one side. These
results indicate that the fruit enlargement was decreased when the average value of average leaf water
potential from May to June was under —1.80 MPa, and the shoot growth was decreased when that was
under -2.00 MPa.

Key words: Malus domestica Borkh., Fruit weight, Leaf water potential, Photosynthesis
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Fig. 1. Daily rainfall in Daegu during the experimental period.
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Table 1. Light intensity, air temperature, relative humidity and vapor pressure deficit (VPD) between 14:00 and 16:00

in the apple orchard during the experimental period

Dates Light intensity Air temperature Relative humidity VPD
(umol + m? - s (°C) (%) (kPa)
11 May 1,023 + 28.0° 23.7+0.15 44.5+0.50 1.62 +0.029
19 May 1,273+ 74.0 27.6+0.20 42.5+0.80 2.12+0.054
31 May 907 +48.5 29.8 £0.65 38.1+1.10 2.59+0.143
17 June 938+8.0 28.7+0.65 59.1+1.75 1.60 +£0.129
24 June 1,340 +£32.5 35.5+0.50 47.8+1.90 3.02+0.193
4 August 1,548 +18.0 33.2+0.85 67.0+=2.10 1.68 +0.186

* Mean =+ standard error
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Table 2. Seasonal changes in leaf water potential of ‘Fuji’/M.9 apple trees of different root pruning treatments

Root pruning” Dates
11 May 19 May 31 May 17 June 24 June 4 August
Leaf water potential from 05:00 to 07:00 (MPa)
No root pruning -0.28 a* -0.21a -0.15a -0.31a -0.21a -0.25a
30cm from trunk - both sides -0.25a -0.20 a -0.15a -0.33a -0.23 a -0.24a
60cm from trunk - both sides -0.28 a -0.22a -0.16 a -0.32a -0.23 a -0.26 a
30cm from trunk - one side -0.29a -0.20a —0.17 a 033 a -0.21a -0.27 a
Leaf water potential from 14:00 to 16:00 (MPa)
No root pruning -1.46 a* -1.63a -194a -1.79a -1.99a -1.34a
30cm from trunk - both sides -1.81b -1.92¢ -233c¢ -2.28¢ -1.96a -1.78b
60cm from trunk - both sides -1.80 b -1.84 be -2.19b —2.24c¢ -2.06a -1.83b
30cm from trunk - one side -1.76 b -1.80 b —2.05a -2.01b -191a -1.68 b

“ Means followed by the same letter are not significantly different at P <'0.05 using Duncan’s multiple range test.
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Table 3. Seasonal changes in photosynthetic rate, stomatal conductance, and transpiration rate of ‘Fuji’’/M.9 apple trees
of different root pruning treatments

Root pruning Dates
11 May 19 May 31 May 17 June 24 June 4 August
Photosynthetic rate from 14:00 to 16:00 (umol * m? - s™)
No root pruning 8.6 a 103 a 12.0a 164 a 85a 7.1a
30cm from trunk - both sides 6.8b 6.7c 9.6a 1120 7.1b 52b
60cm from trunk - both sides 7.3 ab 6.9 be 10.6 a 114b 7.1b 4.6b
30cm from trunk - one side 7.5 ab 83D 113a 132b 8.2 ab 49b
Stomatal conductance from 14:00 to 16:00 (mol * m™ + s)
No root pruning 0.13 a* 0.12a 0.16 a 035a 0.14a 0.29 a
30cm from trunk - both sides 0.05b 0.05¢ 0.10b 0.16 ¢ 0.08b 025a
60cm from trunk - both sides 0.06 b 0.06 be 0.11b 0.22b 0.08b 029a
30cm from trunk - one side 0.07b 0.07b 0.13b 022b 0.10b 0.28a
Transpiration rate from 14:00 to 16:00 (mmol * m? - s™)
No root pruning 4.28 a* 525a 590a 8.81a 6.58 a 4.82a
30cm from trunk - both sides 2.12¢ 2.57c¢ 4.11b 572¢ 4.60 c 444 a
60cm from trunk - both sides 2.59 be 3.08 be 463D 5.47 be 4.63¢c 444 a
30cm from trunk - one side 290b 3.69b 5.63a 6.48 b 552b 4.66 a

“ Means followed by the same letter are not significantly different at P < 0.05 using Duncan’s multiple range test.
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Table 4. Leaf area, leaf total nitrogen, and shoot growth of ‘Fuji’/M.9 apple tree of different root pruning treatments

Root pruning Average lezzaf Leaf total ni_t]rogen Shoot no. Total shoot Average shoot
area (cm”) (g-kg) per tree length (cm) length (cm)
Treating year
No root pruning 31.3a" 215a 246 a 4,731 a 192 a
30 cm from trunk - both sides 27.2b 203 a 170 b 2,590 b 152a
60 cm from trunk - both sides 28.5 ab 21.1a 190 b 2,859b 15.0a
30 cm from trunk - one side 29.8 ab 21.5a 190 b 3,546 ab 18.7a
Following year
No root pruning - - 160 a 3,668 a 23.0a
30 ¢cm from trunk - both sides - - 156 a 3,496 a 224a
60 cm from trunk - both sides - - 166 a 3,449 a 20.7 a
30 cm from trunk - one side - - 159 a 3,406 a 21.5a

“Means followed by the same letter are not significantly different at P < 0.05 using Duncan’s multiple range test.
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E A= 5~6Y &5t o A0 -
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7| d4=] 1tKTables 2, 3 and 4). =, =Hjol| A= 4129
up 9 Ao] SHYE 5~69 Afololl “FX /M9 Al
o] 03 w3t 9) S el o] -1.80MPa O[5k 7+
AEH A 2427} & o] X] 11, -2.00MPa 0]3}2 A E]H
AT A0 Aol AraEltkal o 4= Q) ltiTables 2
and 4).

S, et Ao w2 Qo] WA 9 ol 4l
Aol g A AT Q1ato] wrel g 2ol
At 1 A3E Ara R, Retamales er al.(2004)2
o AP S s Qo] A oFo] FA P FET Fha
ctkar gk ubH o), Schupp and Ferree(1990)+= 23]
FAgtRet Z71EQickal 5193l Baughter et al.
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Table 5. Return bloom and fruit quality characteristics of ‘Fuji’/M.9 apple tree of different root pruning treatments

Root pruning Return bloom  Fruit weight Yield _] Fruit color Soluble soli.d
(%) (g) (kg - tree”)  (Hunter a value) content (°Brix)
Treating year

No root pruning 31.3¢* 390 a 22.1a 152b 13.1b

30 cm from trunk - both sides 523b 330 b 18.0b 21.8a 14.8a

60 cm from trunk - both sides 59.1 ab 327b 182 b 21.1a 144 a

30 cm from trunk - one side 68.8 a 348 b 20.5 ab 173 b 13.7 ab

Following year

No root pruning - 325a 258 a 169 a 145a

30 cm from trunk - both sides - 312a 247 a 169 a 14.6 a

60 cm from trunk - both sides - 325a 253 a 172 a 145a

30 cm from trunk - one side - 322a 255a 172 a 144 a

“Means followed by the same letter are not significantly different at P < 0.05 using Duncan’s multiple range test.

3.4, DPUES

St A= ks AEsh| wfizel 2ol o
2} A IS E5ote] T7bAE A skt
(Sagong et al., 2011), 12 Aol A A 2] o] FA g

= B 2kEo] 390gol @ F L & |7} 55k
O Tt A5 327~348g 0. & FA | tju]
10~16% 2= ek 7 At 4% B0l
18.0~18.2kg o & LA 2L tfH] 18~19% H®= T4
SFlaL, SHE Tt FA 2l HiE] 7% A E Qo)
F-2 M2 L}eEh)= Hunter a value:= 31 30cm T+
OF FA 2|+ Atolofli= 2to] 7} GIG1 oL &5 30em Tt
T2} FE 60cm Tt A 2t Bls f-olokA| =
Ut 7H LR E TS FA glof vl ol & Tt A
2ol A A SAE LY T A2 1ol Afo]
7} $13JCK Table 5).
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FE FA YSItH(Table 5).
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2R e L] B3t 5] -1 80MPa of 31 el k]
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