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Studies on the drought resistance of mulberry trees
Moon Hyup Kim:
College of Agriculture, Seoul National University Suwon, Korea,

SUMMARY

In order to develop the standards for the measurement of drought resistance in mulberry trees (Morus genusg
the varietal differences of drought resistance were measured for 30 mulbe:r:  varieties, and the relaticichips
between the drought resistance and the histological and physiological characteristics of mulberry leaves were
investigated. The results were summarized as follows;

1. It is reasonable to use the drought resistance ratio, expressed by D/D’ . 100, for tre standard of
drought resistance measurement for mulberry tree as a perennial tree crép.

Where: D stands for growth amount(shoot length) in the plot of dry treatment, at the end of treatment.

D)’ stands for an expected value of D which is expressed by B.C/A. Here, A is the growth
amount of wet treatment plot at the beginning of treatment, B is the growth amount of diy
treatment plot at the beginning of treatment, and C is the growth amount 'of wet treatmént
plot at the end of treatment. . '

2. The results obtained from the application of above formula showed that the varieties Cadaneo,
Tahozosaeng. Yongchunchuwu, Kaeryang suban, and Kabsun were highly resistant to drought and the
varieties Jukmok, Shipyung, Sobun, Kaeryangzosaeng shipmoonza and Chungagokys were bighly susceptible.

3. Among leaf tissues, the rate of inter-cellular space showed the Lighest relationship with dvought
resistanca. The correlation coefficient calculated (r=0.4153) was highly significant. Other leaf tissues such as
epidermis and palisade showed no significant correlations with drought resistance.

4. The size and density of stomata were rorrelated to drought resistance. That is:

Correlation between drought resistance and

size of stomata(iength x width)...... r=—0,3253(signif. at 5%)
density(No. of siomata/lmm?j......r=+0.5047(signif. at 1%)
Correlation between size and density of stomata...... = —~0.3633(significant at 504 level).

5. Among physivlogical characteristics, tested here, followings were significantly correiated 0 drought
resistance:

transpiration amount/leaf weight......r=—0.3312(signif. at 5%)

transpiration amount/leaf area r=—0,4151(signif. ai 5%)
and other characters such as rapidity tc dry and drr matter rativ to leal ares were not significandy correlated
to drought resistance.

6. Summing up all the above facts. the best standard for she measurement of drought resistance of
mulberry tree, is the density of stomata, and the rate of intercellular space, size of stomata, the ratic of
transpiration amount to leaf weight, and h.= ratio of transpiration amount to Jeaf area also would be good
standards, .
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‘Fig. 1. Growth of shoot in two moil moisture conditions, dry and -wet; zverage shoot length for
each variety.



‘yiBusj jooys {A1djIuA Youd 10j YImos3 Jo junows 1801, ‘% ‘Biy

ehoot length (ch_‘t)

- e AR W W & P
@WQ\DOQO\P?OU'!Q
| IR S R S A T3 —1
- A
» . E{]
J
2
o
= 02«’
|
1
i |
—
—]
|
1
o WESSSESSS ]
-
]




S8R 160 XBEEHE 98 2087 B EMY £2KE AT £ H1EL4 LE v o] ARE
Aol 4E EREA S 2 LRES HF9 0} $O1E SAd ABE o ERHEE EENL RN
A o1z EWNES LIKRTRK B2BURELE) Bl BEA A2y LR 248 B43
2 g ZeiE1L SH)., %A REG BRES WEd Hade 2342 RIS, HESFHY,
FIE EUS, EHE®, AR, KU, ERSFE, BmEY o d g w57 et Rls) BRRE
K, i Sef <24 £ AP HAE 20~25%(REDE LEKD] b4 B BEA Adstan ¢ A
om uolMx of Kl SlojA Jals] Bwol HEENE e 1 THMASRe] ARHS Aweldn ¥
4 & A+

29 & REMA Aelde B2l 2 uig go] 1 AR EET B Qe o5k Bl 2 B
fpfel 27 &7 A& 2 BEEEY £RmHd 25t e AdelRn ¢ 4 % Aol ¢ o] M
S RAREKSRY 13.8%2ch 33t & 14~16%8 LUASRLE ROT LRAFEA JJA: H1ES 5B
2WAA 2E o9 o] EEEC Hrhel o £RES] AN = 2 ko]l HRY B bz HRY NSE
oo PES 15 AHEE KBEE 20 A% 98 s Bl E o5 o AR kg Yol 13 SHE KB
W25H%YU 98 10B4dE £RE MiEdiges 7 2 Blo] 30 B&Y 94 15 BAx 454+ Mm%
aYnE FWKSE #So] Bl BEd Uuhd BX® 994 HALh 94 A OB1% BR). adx
raEd foldx BREY AL o] & BEMY LEED 2 47 b FEE 2 RHEEEY) 42
fEnols RlA% YUoeE KPFEA KU EHEHY BAE JE doluz o] &R £5H] HEL
SimESE ¢ xMmee 43 4 A& Aolwr

Lh. RS RERRI} RESHER

kfagh vhe o WEES LREA 2ol 40 el Bwel 2y X@Ee o 5 WEEE MEtnd 9.

BN BEAS H2d HAAE b BMo AT BEUYE oZe RATRE & Eeil 2Kk
o EFA AW ¢ 9% Bhsh U Bk BEHE 5 f%0] RHRgd] B Hyd EENLsE: ¢ 4
RE wpLe HrHch BO™E Y Hke] BEEE oA+ MANL MBAA o] Fikd Add
A fal G AEY yo] ko] Aol AEBEE A4Y 4 U= AL ¥ el Eiel A4
KEE 9 4 e ALFY BHE D A8 Hesh 2k ok B olAE o BERER
W RESE THECISE dojme F H4s #2, & Rkl AFel4 £RBWS BAY & Uste B
5 o gAMozE EEsH oz BmMe WEHs] Mace BME zo FHY A Yt

cleg RipdA RA ERES REHT A3 REERES £0 BUSI 3502 o B HaA &
SIS WEEE NS 23 ek

1) REMATEY

W1gAA & o} o] F BE & ERES BREA o4 RMMEERS RE LRET & A
s Be FRHa HPBETHA o148 2234 &5 C3 D2 BT 98 o 5 REEY 4REKE X®
2 de] o WEEE HESE EMos 48 4 ¢ Ro= AWS: HEE F LBR(D/C), LEEE
(C-A, D-B), £E &% ka(D-B/C-A), D2t DS $Esel 1ol 100 5% (D/D - 10005 & Histel 2
g ERH v 35 9.

PEEEONE KEE BRES ERB] REG Aol Sol4 o] mEMEe KBS BMEK & o W
Z¥ol RelAE D/CR 72 Blek+ Rrtts Moz MAT 4 Aod = olAc KEd EEENE
di $& REA 4032 894

oW KB ol RGAE KN H—8A BFHA 2 £RY RBEC] 87 43 LRRE g
of 48l AERS HAEE s I WEES AELS) & Rolan Hle] 9= KBRERG Q4 &E0
Sl &Ko o= MET 2o 14 B9 ohid ki EEES A4 Rube Fo] AMBMMel el 49 &
BENAE AET %7 JE Aolzx KB Fosh Qo] AREhT UMY ARLE ANAAE 2 B
Ee FESA BEY 47 sle Ao,

Hgos 2EY 4 e HEowd: WAEES SRS 4%, & AREIAY £EE2d He &
HEAAS A EREe] WEE RARE Ao o HEE KBABRRY £LEE ZEHAGE Rozn4



§ *98 (7] 2 0 R4 _m ‘vi 'S8 201 G2 _m P9 v 'SL _m 09 509 o1
44 G LL €6 903 L _m.mn ‘08 801 BEI W.mn 5 €6 0°0L ‘L9 6
12 9°LL Y 10T 6°L1 ‘S ‘Le 6°LL 10T 081 *18 0°¥0T 0°9L € 9L 8
9 VS8 0°'Y8 P €2 4 1°L1 1 90T ¥zl 0°2L 9°88 ‘89 S 1L L
-81 ‘6L mm ‘8 9° L1 | % 9°LT 6 50T TET 1°99 6L 0°€9 €LY 9
8 6°v8 8°.8 528 8'¢ S°A1 K4 50T vzl 9 bL S 06 8°0L ‘€L ]
T Z2°68 9°'€6 S°1¥ 8L 881 ‘8 011 y21 S €8 8 '86 86l °08 v
1] 1°08 8 8L V28 1's 0°52 ‘94 517 348 1°€9 828 “o.mm ‘LS €
€2 i6°LL 6'80T oLl 194 S €2 ‘68 SOT 9ET 1°98 8°'L6 008 81 (4
61 19°6L Iz €8 292 8°G 1°2¢ 128 601 LET 989 1'18 6°'09 ‘69 -1
1 £°€8 lw.am 9°9T 9°2 1°61 ‘68 Y01 521 ‘89 8 6L ‘€9 G°09 01
92 [°SL G 91T G028 SL G *9€ ‘ve 60T g S°L8 ‘817 008 ‘18 8
82 (A £°L11 ‘61 0'9 G 1€ G 'S8 201 LP1 '8 8101 0°18 0L 8
01 698 20T €L1 1'e _a.S ‘16 vl r4A¢ 1°16 666 088 ‘8 L
8 1°58 1'v8 €28 v 9 861 v 18 011 621 ‘1L 088 €69 €'89 9
L S8 28 G°8¢ €'y 1°ST ‘z8 901 621 ‘0L 0°6L 8G9 S°09 9
[ ‘18 021 L'ST L6 066 ‘oL (194 SET *86 0°9ET € 68 ‘101 14
[ 899 a4 0°2t 14 e 'L9 201 091 ¥ 9L 8211 € 1L € 0L €
4! V08 8°06 ¥ 62 S'9 | 44 g48 011 LET €L 9°28 G909 G°09 4
62 \ A 0°96 861 €' 8 9% v o8 80T 691 0°0L 0°18 |B°¥9 ] I—d
12 L. 9'16 G "¢1 62 8 €3 ‘18 y01 4 v 89 9°€8 G 59 ‘64 01
€ L°L8 896 ¢ Ve 68 1°91 *68 50T 611 6¥8 686 018 '8:28 6
er €08 6 €6 6°1¢ 9 °G T4 ‘ql 801 SET P °SL £ 66 869 8'EL 8
4 88 i6°68 S ‘62 8¢ 6°Cl VL6 SOT 611 G 6L lo-18 8°GL 3 '89 2
0g 1°6L 6 88 561 £y 1°¢2 1°28 L01 GE1 £ 0L 9 €8 0°99 S €9 9
14 1°94 1°98 9°4¢ 09 S 9% 9L 011 K48 G 69 1 ° 68 565 €64 Q
L1 6°6L ¥ £6 G ‘%8 0°G q°3¢ G v8 20T vEL 9 ¥ £ 88 9 °69 859 4
4 698 C 28 9°1¢ G°0 19°02 L 'TL 071 0z1 G 1L v 86 0°69 8°LL €
vz 6 9L 6 '801 ¥ ‘22 G°L _m R ‘oL 011 e 0°08 8011 G gL €°LL 4
A8 € ¢8 098 6 ¥ €4 €12 € 6L 80T €1 8°0L € 68 S 'G9 0°89 -V
B % _ % _ ___lud Juso % wd wo wp Jun
oor | (odny | YRE I %2 | aa | v | o | s | v | @ba | s | @k | (vea
o\.m\mH a a uucm.mwmv pus ‘onus Junours BujuuBaq Bupsquiny
Jo 2p’0 Joao @ ‘% paydedxy uu«%ﬂ& .Eko.& §0 eouasRgI(f Yisolin yimoad ‘xapup pu2 “yifua) yooug ‘Yydua; jooug

*£131i8A Yous IO} S0UBISISAl IBNOP JO SUOHBWINSY puB ‘IJuB}SIEAT JYBNOIP O UOHBIULED JO SPOYIAW JUNOWE YIMOID)

‘T ajqe],



© RS BERrT-AEN AR ¥ 4 gxd BEREMS Lkihe £E BAET A2 44 EX
dETERe s 47y WESK Gohn A9t
= BRED Q149 SREY SEREE 2 SR8 KA H EHEns 2R ARG § 4
do] dALE SR BEMY BREe gHNoE MEY 47 944 WIS S AR LERME
27 £2d ¥ 4 S5 RHT Bo] U SoehlE BEAd 94 £ERRd 27 Q71 43 FER
—% FERTAAY B RS Aol
DL 2 pEe Y shoge] Bl g kL KANHU Al BARAC EEH] 42 A
BY HEE 8% 2L BROE BN ods KEknSddn a oA REY KaEs WeEde
e s Sodx H= Aol o BREAAS £xe] WRES A kd FeAdn ¢od HAE
Bl folds £EREMS MKE Bedt o] BRLSI A4
C D
a5
2e 2Y BEE] BN BAEAAS 2R EREAAS M-t w4 o BHE =Dt
£AUY 82 e SAWE RIN N BEED w24 Vdld. adx Ege] 2T 49 48
xe

B-C
A

2Ry FEge] A2y 49 £
D’-—m—iig—-m

dridd 4 mE ER K EREHXA.
o]#] D ~m=D = R#E#H

2=
34 Dog 100582 nA4 T 10008 YHY of HAE WEELFOHL % 4 sos o E 7
AT M) BEEE REtE ZMes 9 Ad 7% REUA Tk 1Y o MESF 100%0} 4 WEE
o] adte AE THFE AolH 2 Bt Aebded G BEEY Bd43e A4 B4 2= A
ol
LET SEETEE KU MEHREE ARG HaxdA vielg o] @Rk AT A% B
Table 2. Relationship among methods of estimation of drought resistance.
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Table 8. Comparisons of drought_resistance for each species.
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Morus bmbyeis Koidz. 78.9 3 4
Morus alba L. 81.2 4 3
* Morus Lhou (ser.) Koidz. 81.7 3 3
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Table 4. Rela tion of drought resistance to leaf tissues in Wet soil moisture condition.

| Upper | oloade | CPOnEY | Lower | Leaf
Drought- | n ihering epidermis chyma | chyma epidermis | thickness | Intercellular
pesistance Width' Ratio | Width Ratio| Width] Ratio | Width' Ratio| Widh| Ratio|
i aiio | Wi atio | Widt! | Ratio | Width atio | Wi Ratio
X B & % £ % 5 % 8 % ] % [A
Resist:nt A—3 21.6' 18. 8, Mj 30.0{ 47.3 40.7 12.3| 10.5{ 115.8] 100.0 6.1
" 7 21.7, 20.0; 29.4} 27.00 43.3] 42.3 11’6l 10.7( 106.0[ 100.0 4. 67
2 9 18.5 1s6. 41. 34.9 46.1) 39.4] 10.3 9.1] 115.9 100.0 5.
n L—4 27.2] 18.8 34;} 29.9l 46.4 40.6 12.3; 10. 7] 114.0| 100. 0} 4.7
" 10 21.5! 18.1| 43. 35.1) 44.8 37.1f 11.2. 9.7 121.0} 100.0, 4.7
Mean 20.9] 18.5 36.5" 31.4 45.6’ 40.0, 11.5: 10.11 114.5| 100.0 5.26
Susceptible A—10 14.0' 16. 2 34;] 39.5{ 31.8 36.7 6‘5: 7.6, 86.5 100.07 9.
n . B—1 17.4] 15.7) 35.2 32.3] 45.3] 41.6, ]1.6! 10.4) 109.5 I(X).Q 4.
o 3 16. 14-ﬁ SBj 35. 44.4; 40.7 9.7i 8.9 109.1; 100.0 8.1
” 8 19.71 15. 41.2] 33. 51.9 41.6; 14.1 8.7 126.¢, 100.0] 6. 6!
n 9 16. 17.1f 33.7 31. 42.3 41.07 10.5 10.1} 103.3] 100.0] 6.
Mean 16. 15. 36.6! 3. 4322 40.3‘ ]0.5; 9.2 107.1] 100.0] 6.
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Fig. 3. Leaf tissues and drought resistance; each, average rate of 5 vacieties wet soil moisture.
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Table 5. Correlation: of drought resistance to various leaf tissues,

Characters correlation coefficient Remarks
Width of upper epidermis r=+0.2747 % Significance level at 5%
Width rate of upper epidermis r=+0.2343 r=210. 306
Width of palisade parenchyma re=—0.3043 %% Significance level at 1%
Width of spongy parenchyma r=+0.1025 r=:0.423
Width rate of lower epidermis r=-+0.2468
Rate of intercellular space re=—0.4153 X%

4) TEREZESE: TEXEEZS] 71 A8c 2= ML slx A9 Ay ANSH r=+0.2468 24
LEREERS] AF 4 ks 3L gReldx ¥ 4 g
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Table 6. Relation of drought resistance tn leaf tissues in the stressed moisture condition.
Drought- Numbering Upper epidermis ﬁ;‘;ﬁde parenc- ggfn‘;gy parenc- m:’ ePid- 1 eaf thickness.
resistance : | With | Ratio | Width | Ratio | Wideh ] Ratio | Width| Ratio Widz.h! Ratio
] % I %, # %} A % I 9
Resistant A-3 16.0 158 323 70 43.4{ 48,0 9.3 9.2100.8 100.0
» 7 2.3 19.3 301 27.4: 45.2 4.2 13.00 12.1 109.6i 100,0
” 3 16.4 18.0 27.6] 30.4 363 3.5 10.8 12.1 9.8 100.0
" 1I—4 22.7  19.7 35.00 =20.5 437 288 12.4 11.00 1138 100.0
" 10 19 164 a1 %6 402 5.7 106 9.3 HLE 100.0
| Mean w1 179 .4 ad 41.7’ 0.0 11.2 10.7 105.4 100.0
Susceptible | A—10 15.1 16.8 33.3 37.0 33(1 35.5; 8.7 9.7 90.1 100.0
" B—1 14.4 15 %.8 8.3 3. 3.5 10.7, 11.2 95.4 100.0
n 3 18.2 158 449 34 42.:1 s7.d 13.6l 11.5 114.3 100.0
" 8 16.6 17.4 316 32.60 39.5 4o.al 9.(2’] 5.7 97.2 100.0
" 9 16. 15. 38.70 35, 4.8 8.6 100 9.6 107.4{ 100.0
Mean 16~3 16. 37.Q! 35.8; {.1 37.7( 10'4! 10. 3| 100.9I 100.0
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Table 7. Relation of drought resistance to size and density of stomata in wet soil .moisture condition.

Dreftance | Numbering | “GENE, | widh ]“’“S"?m‘fx‘&f” amror ovemitth [mata L s
Resistant A—3 s.61 1 su 78.2 139 484
" 7 9.12 7.50 68.4 140 516
" E 10.53 8.42 88.7 125 527
" L—¢ 10.05 7.45 74.9 185 502
" 10 1L.05 10.26 113.4 124 505
Mean 10.07 8.35 8.7 133 507
Susceptible A—10 13.51 8.78 118.6 154 280
" B—1 10.76 7.40 7.6 145 366
” 3 15.21 11.24 171.0 135 294
" 8 12.44 8.77 109.1 141 466
" , 8 11.09 8.04 89.2 124 269"
Mean 12.60 8.85 113.5 140 335




Table 8. Correlation of drought resistance to size and density of stomata,

*Characters ) . correlation coefficient ,] Remarks
Size longwise diameter x width ; r=—0.3253 ¥ i Significance level at § % r=o-0.306
Desity (No. of stomats 1n Imm?) r=+0.5047 %% %XSignificance level at 19 r= 0. 423!
Correlation Letween longwi:c u,ameter r=—0.3633 % I
and density of stomata : l |
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Table 9. Relation of drought resistance to size and density of stomata in che stressed moisture condition

Drought- Numbering | JoRgWise Widh | S | e e
resistance x width over width lmm?
resistant A—3 8,39 7,8 73,7 138 505
Yoo 7 7,63 6,80 51,9 142 484
” 9 9,82 8,46 83,1 132 365
n L—4 8,58 6,89 59,1 124 462
” 10 10,82 8,94 96,7 122 452
Mean 9,25 7,79 72,9 132 454
Sasceptiple A—10 11,17 8,23 01,9 139 441
/4 B—1 8,90 5,43 48,3 166 398
” 3 12,42 7,95 88,7 123 495
” 8 10,40 7,11 4.5 119 495
n 9 9,66 1,75 74,9 125 269
Mean 10,51 1,29 1,7 34 420
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Fig 6. Stomats and drought resistance; each, zverage of
"nrietia.;, dry moisture condition.
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Table 10. Relation of drought resistance to various physiological characters.

e Ridiy wdy 7l
esing (L2t Lot | 2hes. | 4bos. | 6Brs. | 8bos | 10ho. Ef’:‘;g’f;e‘f‘f il
3) cg/g| cgjem’ [A A %! (4 %%| cg/! cg/cmzinmmar on of
A—3 401.7| 564 2071] 406 4.7 526 554 316  0.56wenspiration
7i 143.0| 2 1594 801 9 o‘ 40.1 44-4§ 30.5 53;1,3.-:‘:':? © e
" g 193.4] 2 18.8 34.0 37 3‘ 420 4.3 381 057 20.1°C
v | L—4 1425 217 14 .0 4 82 27 5 0.57% e
P 16 221.1| 4. 2. 8.0 43.2 45.8 489 3. 0.56 80.0%
Mean| 220.3| 3.49 181 345 9.7 437 4.1 3.8 o057
! i {Examination of}
ﬁ;ﬁ: A—10 282.8( 4.49 3.5 52.6 57.3! 8.6 59.j 2. 0_573111;1:;3%,6:?
v | B=1 261.5] . 4.1%  19.20  33.9 4L 44.6 46, 31. 0.53i tcmperature
" 3 337.7| 551 204 441l 494 512 545 31 0.522_23‘;frfge
" 8 253.3| 1041] 283 502 517 60.6 60.6 2.5 0.56 humidity
" o 237.5| 3.6y 15 u0 ! 42.:1 4.1 27 0.47 81.5%
Mem| 2711.6| 5.65 24 43.00 48.3 5.4 53.5 30.2 0.53
Table 11. Correlation of drought resistance to various physiological characters.

Characters l Correlation Coefficient. l Remarks
Transpiration/Leaf weight ‘ r=—0,8312 =& l ¥ ngmﬁunce level at 5% r-io 306
Transpiration/Leaf area r=—0,4151 X | %% Significance level at 1%, rm-£0.423
Rapidity to dry (4 hrs.) r=—0,2293

” (10hrs.) e —Q, 2474
Dry matter /Fresh leaf weight | r=+0, 0829
Dry matter/Leaf area | r=+0.2509 ¢

HE ER7F o) REE/RRROH ABR/KER] 2F BEEcl BY 28] o o3 MEENE
MRS FURAH 2 uje Po] HEE/EERY HHRK r=—0.3312, ZEE/ETE r——0.4151
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Fig. 7. Vari: s physiological chsracters and drought rexsmnce; each, average 5 varieties.
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Fig. 12. The varietywith large upper epidermis Fig. 13. The variety with small upper
ratio, 20,0 % (A—T) . epidermis ratio, 15.7 % (B~1)

Fig. 14. The variety with small stomata
length x width =748, (L—4) length X width=109.1, (B—8)



Fig. 16. The variety with high density of
“stomats, 527 per 1mm? (A—9) stomats, 294 per 1 mm? (B—4).



