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Evaluation of growth, water, nitrogen, potassium use efficiency and nitrate
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ABSTRACT

Vegetative traits, chlorophyll content, water use efficiency, nitrogen, potassium and nitrate reductase activity of leaves and
root tip were investigated in composition of the melon 'Khatooni' on squash cultivars Ace and Shintozwa under greenhouse
conditions. Treatments consisted of melon grafted on squash, melon on melon, squash on melon, squash on squash, melon
and squash own-rooted. Results showed that melon grafted on Shintozwa had stem length (408.3 cm), leaf number (38.56),
total leaves fresh weight (156.7 g), total shoot fresh weight (132.7 g), leaf area (18517.6 cm2), biomass (247.5 g), leaf dry
matter (14.19%), shoot dry matter (7.96%) and root dry matter (17.46%) more than Ace. Grafted melons on both rootstocks
were increased water, nitrogen and potassium use efficiency. The amount of total nitrogen and leaf nitrate on Ace rootstock
was more than Shintozwa. The leaf ammonium on Shintozwa rootstock was more than Ace. A high nitrate reductase
activity of leaves was obtained on melons grafted on Ace rootstock. Nitrate reductase activity in roots was higher than the
leaves especially in the case of grafting. Root nitrate reductase activity was demonstrated a negative correlation with shoot
length, biomass, leaf fresh weight, shoot fresh weight, leaf total area and root dry matter. Grafted melons totally contain
large amount of organic nitrogen were compared to non-grafted, which it related to nitrate reduction and high nitrate
consumption.
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Table 1. Results of variance analysis of time, grafted combination and rootstock on some traits of melon

MS
Source of of Shoot Lateral Biomass Leaf Shoot Leaf Total
variation lenght shoot n. FW FW number LAI
T 1 294528.17 55.12" 7498.7 29778.87  11910.9” 177.60 ™ 8890543.97
Block 4 3704.86 0.61 9443 22851 505.75 53.12 2561864.09
GC 5 3902.01 " 2917 3490.6 ™ 515.49 ™ 698.38 ™ 7751"™ 17697145 "™
R 1 255017.017 68.25" 1.261165~  4.52043"  6.74778" 54.168 " 3.60229526™
GC xR 5 5565.34 " 3.24™ 3827.8™ 829.89 ™ 1152.8™ 148.11"™ 3281728.2"
TxGC 5 6698.12 " 8.42™ 2755.1™ 1085.88 ™ 925.7 "™ 580.13" 2298123.1™
TxR 1 138250.3™ 15.12™ 168199.3"  27414.8™  52167.07 131.38 ™ 6183321.6"
TxGC xR 5 3370.01"™ 402" 4911.2" 3097.74™ 1372.4 "™ 20424™ 2748709.1 ™
Error 44 3537.05 0.65 1651.8 622.15 686.67 66.58 1262203.3
Total 71
CV% 25.31 27.91 22.89 19.83 28.28 22.34 20.51
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** * ns: Significant at 1 and 5% of probability levels, and non- significant difference, respectively .

T= Time :GC= Graft combination :R= Rootstock :
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Continued Table 1. Results of variance analysis of time, grafted combination and rootstock on some traits of melon

MS
Sourceof ¢ | 2fDW  Shoot DW Root DW  Root/shoot Water use Nitrogen use  Potassium use
variation efficiency efficiency efficiency
T 1 402" 333™ 969.98" 6.37" 0.00038™ 0.505 0.188™
Block 4 0.86 2.60 20.59 0.26 0.0002 0.123 0.008
GC 5 1399™ 257" 17.31"™ 0.02"™ 0.000002 "™ 0.09™ 0.045™
R 1 28290 8.62" 779.98" 2.02" 0.00037™ 0.12"™ 0.033 "
GC xR 5 450" 117" 18.17 "™ 0.21™ 0.00012 ™ 0.15 0.039”
TxGC 5 1.76 ™ 1.26 "™ 30.55 0.13™ 0.00001 ™ 0.174" 0.017 ™
TxR 1 7149 12.84" 648.00" 2.08™ 0.00001 ™ 0.025 ™ 0.022 ™
TxGCxR 5 247™ 1.44 " 11.34™ 0.13™ 0.0001 ™ 0.22" 0.031"
Error 44 7.52 1.88 8.60 0.176 0.00008 0.055 0.0092
Total 71
CV% 23.31 18.19 22.98 31.16 31.79 30.83 23.24
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** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.
.4, :R= Rootstock ¢ sxgm S 5 :GC= Graft combination ¢ ,Ls; :T= Time
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Table 2. Mean comparison interaction effect of time and rootstock on some melon traits in different combination of
melon and cucurbit grafting

Treatment Leaf number Leaf DW% Shoot DW%
Time

Winter 92 34.45° 11.20° 7.75°%
Spring 93 38.41° 12.33°2 73272
Rootstock

Ace 34.77°2 9.40° 7.11°
Shintozwa 38.56 ° 14192 7.96°
Graft combination

Ace 32.90° 11.00° 7.28%
Ace - Ace 32.63° 1252 ® 8.38°
Ace - melon 35.66 13.72° 767
Ungrafted melon 40.81° 10.56 ° 7.48%®
melon - melon 38.80 ® 10.43° 6.57°
melon - Ace 38.80 12.07 ® 7.83 %

55105 2,3 O el 50 Sl g3l wlel (6 lo e glas (gt y2 50 S e g > (sl lael
Means followed by the same letter are not significantly different at 5% by Duncan test.
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Table 3. Mean comparison interaction effect of rootstock and time on some melon traits in graft combination of

melon and cucurbit

Shoot length (cm) Lateral shoot no. Biomass () Leaf FW (g) Shoot FW (g)
Graft combination ~ Winter Spring  Winter  Spring Winter Spring  Winter Spring Winter  Spring
92 93 92 93 92 93 92 93 92 93
Ace 168339 2433™ 500° 200%™ 153.8% 770% 868  89.3° 739%®  417°
Shin 12167 400.0% 333% 133" 1466 2246° 10507 2086 65.0% 161.6°
Ace - Ace 166.67% 20169 200¢ 200% 163.3%¢ 592  ggQ % 82.0° 69.6® 348°
Shin - Shin 250002 3516°% 233% 233% 2315% 3193°% 1200% 164.4™ 118.0°% 147.0°
Ace - melon 153.33% 1783¢ 400%™ 233% 1371% g58% 1050 1004%® 699% 518°
Shin - melon 233.33%®  4766° 1.66¢ 200%™ 1943% 3216°% 1116 2256% 91.0® 193.0%
Ungrafted melon 205.00* 1616°¢ 3339 366° 11639 1280° 69.3° 1428% 50.6° 375°¢
Ungrafted melon 200.00* 3966° 3339 266%® 211.0% 3166° 1280°% 1588™ 915% 1433°
melon - Ace 145.00% 1766¢ 7.66° 200% 1365% 5159 g42"™ 86.8°¢ 61.7° 380°
melon - Shin 173339 4083°% 3.00% 133%™ 1315% 331.3°% 1065°% 2339% 77.0%® 2143°
melon- melon 9333" 21169 7.00° 1.00° 2240® 4999 1282° 746° 959% 352°¢
melon- melon 141.67% 380.0%® 266 166™ 149.0%¢ 30367 900%™ 1916 435° 1576°
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Means followed by the same letter are not significantly different at 5% by Duncan test.
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Continued table 3. Mean comparison interaction effect of rootstock and time on some melon traits in graft
combination of melon and cucurbit

Total LAI (cm?)

Root DW (%)

Water use efficiency

Nitrogen use

Potassium use

L (kg/m®) efficiency (kg/N) efficiency (kg/K)

Graft combination Winter Spring Winter Spring  Winter Spring Winter ~ Spring  Winter Spring
92 93 92 93 92 93 92 93 92 93

Ace 52051  3879° 723® 8389 0.031® 001° 1.00° 0.75° 049"  0.169
Shin 65104 ® 7033 ® 6.32° 2417%® 0022%® 0.023° 061%™ 065° 034% 035
Ace - Ace 3302.2 ®f 3356 ° 8.80 ® 9429 0.029%® 0.018% 072% 042° 045° (024
Shin - Shin 5833.2 % 6818 ® 9637 2022% 0036%® 0022°¢ 098° 060° 056* 034
Ace - melon 6617.8%®  4410° 700® 1351 0025%® 0.018°® 085%® 047° 039°%% 028%
Shin - melon 47585  8818* 741%®  2811% 0044% 003™ 088® 066° 036% 037™
Ungrafted melon 2352.0" 5544 8.72%® 7889 0032%® 0048% 075% 153% 050" 059%
Ungrafted melon ~ 5832.9°%  8232° 6.67% 2384 0.03® 0023 083® 063° 047%™ 036
melon - Ace 2898.6F  3201° 5.80° 8649 0033® 0014%® 108° 037° 052 030
melon - Shin 7073528  9274°% 9627  29.42° 0017° 0.025° 046° 068° 026° 0.38%
melon- melon 43588  4419° 7.92% 8719 0043° 0.034° 1.08° 052° 067% 0.55 ®
melon- melon 4307.1°* 6962 ® 872%®  1661° 0.03® 0021°° 082® 055" 047" 026¢
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Means followed by the same letter are not significantly different at 5% by Duncan test.

Shin =Shintozwa
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Table 4. Results of variance analysis of time, grafted combination and rootstock on melon chlorophile cont

Source of df MS

variation Chlorophyll a Chlorophyll b Chlorophyll ab
T 1 238117 317147 2657.05"
Block 4 29.14 7.98 2.76
GC 5 1557 " 30.63"™ 29.30"™
GCxT 5 29.14™ 62.58 " 75.79"
Error 20 30.81 23.83 21.93
Total 35
CV% 23.32 23.63 25.46

S s D9l 895 o )3 B gV Jlotial prhan )8 Jls e Dglis o 5 4 NS 9w e
** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.

T=Time :GC= Graft combination :
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Table 5. Mean comparison interaction effect of Ace rootstock and time on melon chlorophyll contents

Graft combination Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW) Chlorophyll ab (mg/g FW)

Winter 92 Spring 93 Winter 92 Spring 93 Winter 92 Spring 93
Ace 33.22° 1411° 31.74°% 9.99™ 2799 ™ 9.48™
Ace - Ace 30.02* 13.69 ° 27.22° 9.09 ™ 24.00 ® 8.02°¢
Ace - melon 32.15% 11.79 ¢ 27.86 2 7.95°¢ 24.56 * 7.01°
Ungrafted melon 30.42° 21.06* 26.81° 17.23% 23.64° 15.19%
melon - melon 34.24* 1452 ¢ 38.03° 9.42"™ 36.47 2 6.84 ¢
melon - Ace 31.47° 18.76 28.59 % 13.93® 2521 % 12.27 %

5505 00,0 O s j0 (Sl (ygej] bl lo sire gl oygiw B 40 S ie Bg > (gl olael
Means followed by the same letter are not significantly different at 5% by Duncan test.
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Table 6. Results of variance analysis of time, grafted combination and rootstock on grafting diameter, rootstock
diameter and scion diameter of meon grafted on squash

MS
\S,g.}:;%eogf df  Grafting diameter  Rootstock diameter ~ Scion diameter
T 1 16.71 ns 297™ 1.25™
Block 4 1.48 247 0.93
GC 5 11.41™ 1.37™ 0.49 "™
R 1 73.55" 7.497 20.26™
R x GC 5 2.36™ 3.21™ 0.85"
GCxT 5 1.76 ™ 0.29"™ 1.32™
Error 32 5.57 1.60 1.78
Total 53
CV% 24.70 16.93 17.53

SIS sire D9l 955 oy B 9 ) Jliol e jo jlo cixe Sglal 5 4y NS g s e
** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.
R= Rootstock; GC= Graft combination; T= Time.
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Table 7. Mean comparison of graftd combination on grafting diameter, rootstock diameter and scion diameter of
meon grafted on squash

Grafting diameter Rootstock diameter Scion diameter

Graft combination

(mm) (mm) (mm)
Ace 8.64 nz“ 7.59 7.40 azc
Shin 7.25 9.71°2 6.90 **
Ace - Ace 12.24 % 871 857
Shin - Shin 10.19 & 8.01 * 6.94
Ace - melon 12.60° 8.74 8.87?
Shin - melon 8.69 ™ 5.93° 6.51™
Ungrafted melon 10.52 > 6.54 ™ 8.00 **
Ungrafted melon 8.60 ™ 7.89 7.10
melon - Ace 11.65 % 7.48 ** 8.952
melon - Shin 10.10 & 7.50 * 7.08 *°
melon- melon 10.38 8.56 * 9122
melon- melon 8.13 6.24 ¢ 6.19 ¢

55105 2,8 O el 50 Sl yge3] lel (g lo e glaT (g 12 50 S e By > (gl olael
Means followed by the same letter are not significantly different at 5% by Duncan test.
Shin= Shintozwa
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Table 8. Results of variance analysis of time, grafted combination and rootstock on EC and pH

MS
Source of df EC pH
variation
T 1 4.447 79.55"
Block 4 0.11 0.20
GC 5 0.19 ns 0.27™
R 1 0.0000004 " 0.04"
R x GC 5 0.262 " 0.10"™
GCxT 5 0.056 " 0.20™
Error 30 0.209 0.216
Total 51
CV% 23.29 5.24

S g D9l 895 oy B g ) Jlosisl s )8 ls g Dglis S 4 S g
** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.
T= Time :GC= Graft combination :R= Rootstock :
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Table 9. Mean comparison interaction effect of season and rootstock on drange EC and pH of melon graft

combination
EC (dSm™) pH
Graft combination Ace Shintozwa Ace Shintozwa
Winter 92 Spring 93 Spring 93 Winter 92 Spring 93 Spring 93
Ace 142%® 2.01°¢ 1.71°% 6.96 ¢ 10.03 2 10.312
Ace - Ace 1.32° 231° 1.89° 6.67° 9.942 10.17 2
Ace - melon 1.48%® 239° 241° 7.10° 9.76 @ 10.04 ®
Ungrafted melon 151 ® 2.32° 2.30° 6.17 ° 9.88 % 10.23 ¢
melon - melon 1.60° 2.33°¢ 2.27°% 6.92 ¢ 9.78 2 9.74®
melon - Ace 1.35° 1.79° 257° 6.76 ° 9.74 ° 9.10°

255105 2,8 O gl 50 5SS (g3l bl g (50 cre Dgles (g B 10 S b Bgy shls slacl
Means followed by the same letter are not significantly different at 5% by Duncan test.
Ungrafted melon= gais. ;& ke
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Table 10. Mean comparison interaction effect of rootstock and graft combination on Leaf nitrate, amunium and total
nitrogen in melon grafted on squash

Rootstock Graft combination Leaf total nitrogen (%) Leaf nitrate (mg/kg FW) Leaf amunium (mg/kg FW)
Ace 5.7a 5406.59 51593.5a
Ace - Ace 5.1a 20764c 30236d
Ace Ace - melon 4.7ab 40382b 6618g
Ungrafted melon 5.8a 8750de 49250b
melon - melon 5.1a 45243a 57579
melon - Ace 5.8a 8368de 49632b
Mean 5.36a 21485.5¢ 32181.08d
Ace 4.9ab 9771e 39229c
Ace - Ace 5.09a 1406h 49494h
Shintozwa Ace - melon 3.17c 12250d 19450f
Ungrafted melon 4.15b 6469f 35031cd
melon - melon 5.23a 1375h 50925a
melon - Ace 4.2b 1833h 40167c
Mean 4.45b 5517.3g 39049.3c
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Table 11. Results of variance analysis of time, grafted combination and rootstock on nitrate reductase (NR) activity of
melon grafted on squash

Source of variation df Ace leaf NR Shintozwa leaf NR Shintozwa root NR
T 1 0.073 0.001 ns 0.423

Block 4 0.00008 0.0006 0.009

GC 5 0.035™ 0.053™ 0.031™
GCxT 5 0.047 0.126™ 0.054™
Error 20 0.0003 0.00082 0.0023

Total 35

CV% 22.81 19.39 16.53

IS e Sglas 0gu5 o0 0 5 ) Jlaiz s jo lo ciee Sgld (oS5 Ay NS g e
** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.

GC= Graft combination; T= Time.



Y0

VWAA s ) 5yles DY 80 ol SLEL psle

995 (59 0 Wige o3yS LS50, Sl ml Called o 5 ism S e 1 (eSilie duglie NY o

Table 12. Mean comparison interaction effect of graft combination and time on nitrate reductase (NR) activity in
melon grafted on squash

Ace leaf NR Shintozwa leaf NR Shintozwa root NR

Graft combination (nmol gr* h* Fw) (nmol gr* h* FW) (nmol gr* ! FW)
Winter 92 Spring 93 Winter 92 Spring 93 Winter 92 Spring 93

Ace 0.025 ™ 0.031° 0.115° 0.021° 0.421® 0.061°
Ace - Ace 0.03 ™ 0.037°¢ 0.044 ¢ 0.358 ° 0.314° 0.373%
Ace - melon 0.088 * 0.021 ¢ 0.063 ° 0.44* 0.441 ® 0.391°
Ungrafted melon 0.032° 0.21° 0.444 2 0.042 ¢ 0.423 ® 0.056 ©
melon - melon 0.017 © 0.42° 0.141° 0.029 0.359 0.176 °
melon - Ace 0.031 ™ 0.036 ° 0.05 ¢ 0.03 ¢ 0.445 @ 0.044 ©
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Means followed by the same letter are not significantly different at 5% by Duncan test.
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