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Effect of Rootstock on Fruit Quality of Yashar Mandarin at
Harvest Time and during Storage
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Table 1. Effect of rootstock type on juice percentage, Tl and EC of 'Yashar' mandarin at
harvest time and during storage (common ano_l cold storages).

ookl e PV IRV o8l peals S culaa
(5s0) THI Juice percentage (%) TI (%) EC(ms)
Storage period Rootstock type Soare Ll Glau i Heere L Gliu,n Hsere L1 Glas e
(day) CommonS. ColdS. CommonsS. Cold S. CommonS. ColdS.
@b
Sour orange 51.28 act 5128abc  6.18 bc 6.18 ae 21f 21d
2 ©  Citrange 4927b-e  4927ad 603be  603af  238cf 238 ad
2 % gt
{-i = Citrumelo 5402 a 5402 a 6.46 ab 6.46 ac 231 d-f 231 bd
T Gesoren
Poncirus 5116 ad  51.16 abc 6.3ab 63ad 258ad 258 ac
OsSHs KM
Flying dragon 5136 ac  51.36 abc 6.8a 6.8a 2.32 o+ 2.32 b-d
&b
Sour orange 48.93 cf 5045 ad 5.6 ce 6.07 af 2.26 f 229 cd
Citrange 49.58 b-e 49.3 ad 6.03 b-e 5.93 b-f 243 c-e 244 ac
20 sy Fau
Citrumelo 52.7 ab 5303ab  6.17hbc 618ae 233 df 2.35 b-d
O 93
Poncirus 48.84 c-f 50.1 ad 5.96 b-e 6.13 ae 2.66 ac 257 ac
OSSs K
Flying dragon 48.62 c-g 512akc 634ab 6.73 ab 239 ce 244 ac
b
Sour orange 4753 d-i 5019 ad  5.56 ef 5.99 b-f 2.37 o 2.35 b-d
Citrange 4782ch  5019ad 567ce 5.97 b-f 2.57 b-d 249 ac
20 slo gy e
Citrumelo 5019b-d 5019ad 57lce 5.69 c-f 25 b-e 257 ac
O IO 5
Poncirus 4599 e 4917 bed  5.57 d-f 5.89 c-f 2.74 ab 262 ac
OsSHs KM
Flying dragon 48.19 c-h 489bcd  6.15 b-d 6.06 af 2.47 be 257 ac
&b
Sour orange 44,87 hi 48.1 cd 5.05 f 5.66 c-f 245 b-e 245 ac
Citrange 4554 f-i 47.43 cd 5.00 f 5.92 c-f 2.65 ac 252 ac
60 sles i
Citrumelo 4962b-e 4834 bcd 555 ef 5.46 ef 2.55 b-e 27a
QM 5
Poncirus 4421 46.92 cd 5.00 f 53f 285a 271a
OsSs K
Flying dragon 45.21 g-i 46.02 d 5.66 c-e 5.52 d-f 2.52 b-e 2.64 ab

tValuesin each column for each variable and variety having different letters are significantly different (Duncan test, p<0.05).
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Table 2. Effect of rootstock type Total Soluble Solid (TSS), Titratable acidity (TA) and TSSTA
indices of 'Y ashar' mandarin at harvesting time and during storage (common and cold storages).

@kl e Jolae ola ol 5o A5 BBl TSSITA
(552) b g TSS (%) TA (%)
Storageperiod ~ Rootstocktype  (Jsese jlsl - Glaae (Jsere 5L R Ol
(day) CommonS. ColdS. CommonS. ColdS. Common S. Cold S.
&b
Sour orange 12.03d-ht  12.03cd 1.28ce 1.28b-e 9.43b-e 9.44 b-g
3 T Citrange 1223¢f  12.23cd 1.35b-d 1.35b-d 9.12c-e 9.12b-g
2 § slos s
A S Citrumelo 11.97d-h  11.97cd 14bc 14bc 8.71de 8.71d-g
3 == OO 52
Poncirus 1232ce 12.32bd 1.34bd 1.34bd 9.43b-e 9.37b-g
OSls Kl
Flying dragon 13.25a 13.25a 1.72a 1.72a 7.83e 7.83g
b
Sour orange 1157fi  12.03cd 117 ¢cg 1.27 bf 9.88ad 953ag
Citrange 12.16cg 12.03cd 12cg 12cf 10.11 ad 10 a-g
20 slos s
Citrumelo 11.7ei  11.67cd 1.24 c-f 1.31bd 9.47 b-e 89¢cg
QH S 53
Poncirus 122c¢f  1227cd 12cg 12cf 10.14 ad 10.2 af
OSls Kuddls
Flying dragon 13.04 ab 13.2ab 1.67a 1.67a 7.84e 7.89fg
b
Sour orange 11.68ei  11.93cd 1.09eg 1.1d-f 10.75 ac 10.84 ad
Citrange 11.85d-  11.89cd 1.08eg 116 c-f 11.17 &b 10.27 ae
20 slogs s
Citrumelo 11.38 hi 11.33d 1.06eg 127b-e 10.78 abc 9.1b-g
CH S 53
Poncirus 1212¢g  11.97cd 1.13d-g 1.12d-f 10.79 ac 10.7 ad
OSls Kuddls
Flying dragon 1275ac 12.38ac 152ab 152ab 8.39de 8.13eg
a0
Sour orange 11271  11.77cd 1fg 1f 11.33ab 11.82a
Citrange 11181 11.77cd 097g 111 d-f 1158a  10.98ad
0 Sles i
Citrumelo 11181 11.3d 1fg 1.02 ef 11.24 &b 11.29ab
QM 5
Poncirus 11.52 g-i 11.3d 1.04eg 1.03 ef 1117 ab 11.14ac
OsSHs K
Flying dragon 1251bd  11.93cd 1.41bc 1.36 b-d 8.96ce 8.78 d-g

t Vaues in each column for each variable and variety having different letters are significantly different (Duncan test,

p<0.05)
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AL o bl Glos oo HLsl (K6 o pro dsS o w0l S (e
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Table 3. Effect of rootstock type on peel color indices of 'Y ashar' mandarin at harvest time and during storage (common and cold storages).

(590) ol wue G L* a* b* chroma hue CCl
) i‘ 3 - - N N - N
Storage period R t; C: . oo oLl wliuyn deee ol wliusn e L Glasyn Jeeme D Glasyn Jeere sl wliusn Jeeme D wlas
00LSsIoC e
(day) P Common S. Cold S. CommonS. ColdS.  CommonS. Cold S. CommonS. ColdS. CommonS. ColdS. CommonS. ColdS.
Sour orange ¢, 5425cdt  5425d-f  354lac  354ldh  6076df 6076cf  7036ad  7036cg  59.72bd 5972ce  1082a 1082 ab
D 0 .
3 E Citrange g 3. 60.56 a 6056ab 2087 e 20.87 ] 6548 ad 6548ac  7203ad  7203af  6547a  6547a 75713b  757c
38 Citrumelo. sle s i 557ad  557ce  35.62ac  3562dh  586lef 5861 ef 686b-d  686eg  5868bf 5868cg  1095a  10.95ab
3B ; .
]2 PONCITUS (o 5 s 52 5507bd  5507cf  3416ae  3416fi  57.35f  57.35f 66.86 d 66.86 g 501be 591cf  1097a 1097 ab
Flyingdragon o S1,s S ge51 44 ses1be  3455ad  3455ei 59466 5046df  6883ad  6883eg  5983bc  5983cd  1033a  1033b
Sour orange g2, 5341 d 5341d-f  3608ac  3774bg  6233df 5972df  7087ad  7354ae  5936b-e 5868cg  1087a 1188 ab
Citrange = i 5007 ac  5913ac  3008de 3047 ij 6799 ac 67.99a  7454ac  7387ad  6436a  6539a 7.483b 76¢
20 Citrumelo. sLe s 3 5541b-d  5674b-e  35.74ac  37.08cg 5966  6066cf  692lad  7054bg  57.69cf 5769ch  1091a 1088 ab
PONCITUS a3 530 50 5407cd  5341df  3474ad  3574dh  57.99¢ 5866 6787cd  6754fg  57.69cf 57.69ch  d1lla 1143 ab
Flyingdragon o Sl,s SN goznag  sa070f  364lac  3608¢h  6L33cf  6099cf  7154ad  6987d-g 5739cg 5869cg  1075a 1094 ab
Sour orange g,L 53.98 d 50.64 f 3775a 3875ae  6369be 6539ac  7239ad  749%ac  57.06cg 5707dh  1103a  117ab
Citrange e i 5764ad 5707ad  3208ce  3208hj  6802ac 6802ab  7605a  7505ac  6373a  6373ab  8183b  827c¢
40 Citrumelo. sle s i 5331 d 5498cf  3742a 008ad  6102df 6235cf  7072ad  7205af  5539eh 5539f-h  1152a  114lab
PONCITUS (5 50 52 52.98 d 50.64 f 3B42ac  3742cg 5808  5964df  6872bd  67.72fg  5573d-h 5506f-h  115la  1238a
Flyingdragon S, S 408 s398df  3675ac  3808bf  6202df 6202cf 7172ad  7039cg  5473f-h 5639d-h  1088a 1139 ab
Sour orange g,L 5602ad 5202 f 3813a 418ab  6624ad 6799a  749%ac  7539ab  5553eh 5425h 1028a  1182ab
Citrange e i 5068ab  6l4la 247be  3B4Tg]  6924ab 69.24a 7629 a 75.96 a 6187ab 6L53bc  7.877b  7.87c
60 Citrumelo sl s 5 5702ad  5735ad  3913a 4247 a 6257 cf 6524ac 729 ad  749%ac  5353gh 5687dh  1098a 1136 ab
PONCITUS (5 505 52 5535bd 5202 f 378a 4047ac 5924  6324be  6962ad  7096bg  5487fh 5453gh  1157a  123lab
Flyingdragon o S1,s S goasp g sgesbe 37134 98ad 6991a 6424bd  7362ad  7162ag 5187h 5553eh  9623ab  10.98 ab

tValuesin each column for each variable and variety having different letters are significantly different (Duncan test, p<0.05).
(p=0.05 <oy OsedT) aisls a2 b gols fre o lis o slite slacsa sl)ls slay:Sobie o g 5o Hutf
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Table 4. Effect of rootstock type on bioactive compounds of "Y ashar' mandarin at harvest time and during storage (common and cold storages).

e sy JSU 538 cub S U8 58 sy C Gaalin a8 C oy oy GluaSl Bl ool el € Sl ol ek
solasll sas s Peel ph_enoli(‘s Pulp phenolics Pulp _vitamin C Ped Yitamin C Peel antioxidant capacity ~ Pulp antioxidant capacity
(o) Rootstéck type (mg.g 1FW) (FW ‘mg.g) (FW .mg.loog) (FW ‘mg.loog) : (%) : (%)
Storage oo ol i oo W wlaisn oere 0l wlassn e sl wlassn Jeee Sl wlasn eee 0l wlau e
period (day) CommonS. ColdS. CommonS. ColdS. CommonsS. Cold S. Common S. Cold S. Common S. Cold S. Common S. Cold S.
Sour orange = ,L 03at 03a 021ad 02lab 26.33e 26.33def 1533ae 1533ad 50.68ei 50.68 c-e 32.84 hi 32.84 ij
'43 f'gf Citrange ¢ 2w 0.12e 012d  024a 024ab 2367ef 2367ef 2167a 2167a 5324d-h 5324 cd 5566 a 55.66 a
3 g Cirumelo sl . 0.11¢f 01lde 024a 024a 26.33e 2633def 18.33ac 1833ac 5566cg 5566 cd 5662 a 56.62 a
3 i PONCITUS 5 a2 01leg 0.11def  02ad 02ab 41.83d 41.83bc 1817ad 1817ac 7317ab 7317 a 471 b-e 471 bf
Flyingdragon o S1,s S 012 012d  023ab 023ab 7267a 7267a  155ae 155ad 7412a 7412 a 47.98 b-d 47.98 be
Sour orange g3, 026b 0.27b 019ad 0.22ab 46.03d 2256 1445ae 1945ab 4941f-i 5043 ce 3299 hi 32.69 ij
Citrange e s 0.09gh 011de 023a 024a 21 ef 21ef 1945ab 20.44ab 49.96ei 5043 ce 5341 ab 49.96 ad
20  Citrumelo slo i 0.11ef 0.12d 0.23a 024ab 2367ef 23.67¢f 15ae 1322b-d 5374dh 5348 cd 5021 ac 53.72 ab
PONCITUS Ly 5 a5 01l1eg 011df 019ad 02lab 39.37d 46.03bc 13.81b-e 15ad 6534ac 6534 b 4538 cf 4387 dg
Flying dragon ¢ S1,s <% 011eg 0.12d 022ac 022ab 66.03ab 685a 12.11b-f 13b-d 66.07ac 6534 b 4387 cf 46.09 c-g
Sour orange =, 0.25¢ 026b 0.16cd 0.18a 43.33d 21ef 1222 b-f 15ad 4583fi 47.95 d-f 2805 ij 30.35 |
Citrange @i 0.09h 0.09f 0.22ac 0.23a 1444ef 2467ef  12.67bf 15ad 4398¢gj 47.95 df 49.97 ac 4853 b-e
40  Citrumelo sl i 0Oleh 01l1def 023ab 023ab 21.17ef 19.67 ¢f l4b-e 1445ad 4249hj 495 cf 4372 cf 51.69 ac
PONCITUS (o5 o 52 0Oleh 0.1def 018ad 019ab 3867d 3867bcd 12.11bf 1433ad 6155ce 5752 ¢ 4274 d-g 39.13 gi
Flyingdragon (,S1,s % g1eh 011def  02lad 02ab 5833bc 6542a  10.33ef  9.33d  6249b-d 5566 cd 39.96 eh 42.64 eh
Sour orange 3,k 023d 024c  015d 0l1c  385d 21.38ef 10.67cf 10.89cd 3337j 4233 f 2322) 2327 k
Citrange & 006i 0079 02ad 019ab 11.22f 225ef  105df 1089cd 3957if 3487 g 4071 eg 4071 f-h
60  Citrumelo sl 01fh  O.Lef 02ad 02ab 1433ef  13f  1089cf 1067cd 3337] 4404 f 3655 gh 49.96 ad
PONCITUS (yu 5 o 53 0.09gh 0.09f 017b-d 018ab 2367 33.17cde 9.89ef 10.89cd  55.2c¢-g 47.95 df 39.01 f-h 36.24 h
Flying dragon o510 % 009gh 01 ef  019ad 018b  5lcd 5017b  578f  1017d  57.28cf 49.97 cf 36.06 gh 3253 ij

(pSOO5 :OSQ‘J UJ‘AJT) Aﬁ\)‘d ‘&A LI GJ‘J&M Cajm C;Ju:m GLAJ)A (5‘_)‘.) Guueia‘e.a Oﬁl“" > JJT

tValuesin each column for each variable and variety having different letters are significantly different (Duncan test, p<0.05).
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Table 5. Effect of rootstock type on sensory propertiess of "Y ashar' mandarin at harvest time and during storage (common and cold storages).

(590) solols) was S ot =S o - = s
Storage period e P porce Rl AloTe oo A
(day) Rootstock type Seare sl wlao s SHsars HLal Glay yeu SHsers Hlol GlAy yeu & sare Ll GlAY s sare Lol GlAY yeu

Common S. Cold S. Common S. ColdS. Common S. Cold S. Common S. Cold S. Common S. Cold S.
R Sour orange 5, 933+0.58 9.33+058 9.67+058 967+058 7.67+252 7.00+1.00 7.00+1.00 7.00+1.00 1.00+0.00 1.00+0.00
% £ Citrange g 967+058 967+058 967+058 067+058 867+058 867+058 833+058 833+058 133+058 1.33+058
3 g Crumeo sy s 833+058 833+058 033+058 0.33:058 7.67+058 7.67+058 800+100 800+100 1.33+058 1.33+0.58
JE PONCIUS Gugimis 6.67+058 6.67+058 9.00+1.00 9.00+100 7.00£1.00 7.00+1.00 6.00+1.00 600+1.00 133+058 1.33+0.58
Flyingdragon ¢ ,S1,s S 6331053 6334058 867+115 867+115 833+153 833+153 633+058 6334058 1004000 1.00+0.00
Sour orange g, 833+058 867+058 7.67+115 933+058 633+058 6.67+208 600+100 667+208 200+1.00 2.00+1.00
Citrange g i 9.00+1.00 9.67+058 833+058 067+058 7.67+115 800+100 633+058 7.00£1.00 200+0.00 1.67+0.58
20 Crumelo. sle s e 800+0.00 800+000 933+058 9.33+058 7.00+000 7.00+000 833+058 833+058 167+058 1.67+0.58
PONCITUS (a5 suess 52 6.33+058 633+058 867+058 867+058 667058 667+058 533+058 533+058 200+1.00 2.00+1.00
Flying dragon ¢ ,S1,s S 6331053 633+058 800100 800+100 7.67+058 7.67+058 6.00+100 600+100 133+058 133+058
Sour orange 3,6 700£000 800+100 7.00+000 833+058 567+153 6.00+1.00 567+058 600+1.00 333+153 233+231
Cirange i 700£000 833+153 800+100 9.00+1.00 7.00+173 7.67+153 583+076 667+058 267+058 2.00+0.00
40 Crumelo. sle s s 7.33+153 7.33+153 867+058 867+058 7.00+100 7.00+1.00 7.33+058 7.33+058 200+0.00 2.00+0.00
PONCITUS (a5 yaess 54 6.00+1.00 600+100 800+100 8 00+100 600+100 6.00+1.00 4.67+058 4.67+058 233+058 2.33+0.58
Flying dragon ¢S, S 6001100 6004100 800100 800+100 7.00+000 7.00+0.00 567+058 567+058 167+115 167+115
Sour orange ,b 533+058 6.33+058 533+058 800+000 467+058 533+058 433:+115 533+058 3.67+153 2.67+208
Citrange ¢ i 6.67+0.58 8.00+1.00 7.00+000 9.00+100 533+153 6.00+173 450+0.87 500+1.00 333+115 2.67+0.58
60 Citrumelo. Lo e 6.00+1.00 600+100 800+000 800+000 633+058 633+058 7.33+153 7.33+153 233+058 2.33+058
PONCITUS (o 5 s 54 500+1.00 500+100 667+115 667+115 500+1.00 500+1.00 4.00+000 4.00+000 3.00+1.00 3.00+1.00
Flyingdragon ¢S, S 567,115 5674115 7.33+058 7.33+058 667+058 6.67+058 567+058 567+058 200+173 200+173

Chi Square 45.57 4513 4181 3592 34.56 31.91 44.69 42.98 3171 24,07

Sig. 0.001 0 0.002 0.01 0.016 0.03 0.001 0 0.034 0.19
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Table 5. continued.
bkl s whgs o A b oS Gy
Stora(%zgenod Rootstock type Sweetness Sourness Bitterness Acceptance
sans Ll olas e o sane L) i o sane L) olas e sans Ll i
Common S. Cold S. Common S. Cold S. Common S. Cold S. Common S. Cold S.
. Sour orange &3, 467+11 467+115  633+058  633+058 133058  133+058  7.00+100 00100

3 £ Citrange ¢ i 567+231  567+231 7004000  7.00£000  100+000  100+000  7.33+058  7.67+0.58
3y Citrumelo o s e 5.67+2.31 567+231  400+265 400265  100+000  100+000  7.00+000  7.00+0.00
L § PONCITUS (o 5 saesd 5 4.33+ 153 4.33+153 7.00£000  7.00+0.00  1.00+0.00 1.00 +0.00 6.67+058  6.67+0.58
- Flying dragon ¢, S1,s S 6.00 + 1.00 6.00 £ 1.00 700£1.00  7.00£1.00  1.00%0.00 1.00+000  667+058  6.67+0.58
Sour orange g, 500+ 1.73 500+173  533+153  500+173  1.33+058 133+058 700100  7.00+1.00
Citrange & 6.00 + 2.65 633+306  633+058  600+1.00  1.33+058 133+058 700100  7.33+058
20 Citrumelo sle s 3 6.00 + 1.00 600+1.00  367+208 367208+  1.00+0.00 1.00+000  633+058  7.00+1.00
PONCITUS (a5 e 53 533+ 115 533+115  667+058  667+058  1.33+058 133+058  667+058  6.67+058
Flying dragon ¢, <1, S 6.00 £ 0.00 600£000  667+058  667+058  1.33+0.58 1.33+0.58 6.67+058  6.67+0.58
Sour orange g, 5.67 +0.58 533+115  433+153  433+153  200+1.00 167+115  467+115  633+058
Citrange & 6.00 + 1.00 633+115  533+058  567+115  167+115 167+115  667+115  7.00+0.00
40 Citrumelo sle s 3 6.33+0.58 633+058  267+115  267+115  167+115 167+115  500+000  6.00+1.00
PONCITUS (a5 e 53 5.67 + 1.53 567+153  600+100  600+1.00  2.00+1.00 200£1.00  567+115  567+1.15
Flying dragon ¢, <1, S 6.00 + 1.00 600+100  633+058  6.33+058  1.33+0.58 133+058  600+1.00  6.00+1.00
Sour orange g, 5.67+1.15 533+153  433+153  433+153  3.00+1.00 200£173  367+058  567+058
Citrange & 6.67 +0.58 667+058  633+058  600+1.00  2.67+058 200£1.00  533+058  6.00+1.00
60 Citrumelo sle s 3 6.00 + 0.00 600+ 000  267+058  267+058  2.33+058 233+058  467+115  567+058
PONCITUS (a5 e 53 6.00 + 0.00 600£000  600+100  600+1.00  267+153 267153  500+1.00 5002 1.00
Flying dragon ¢, <15 S 5.33+0.58 533+058  600+100 600+100  167+115 1.67 +1.15 500+1.00 500+ 1.00

Chi Square 14.3 16.03 34.38 32.26 26.21 16.59 38.77 33.26

Sig. 0.77 0.66 0.017 0.03 0.124 0.62 0.005 0.02
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Effect of Rootstock on Fruit Quality of Yashar Mandarin at
Harvest Time and during Storage

J. Fatahi Moghadam®, S. E. Seyedghasemi, Y. MohamadAlyan'

Rootstocks were involved on fruit quality at harvest and post-harvest times. In this
experiment, the Yashar mandarin fruit quality on five rootstocks (Sour orange, Citrange,
Citromelo, Poncirus and Fling dragon) at harvest and during cold (5°C & 85% RH) and
common (7-10°C & 60-70% RH) storages was evaluated during two years. The results
showed fruit had the lowest juice percentage at harvest time on Citrange but fruit on
citromelo had the highest juice percentage during storage. Tl (6.03 to 6.8 at harvest) dlightly
decreased but EC increased during storage. At harvest time, the TSS/TA ratio was the highest
on Sour orange with 9.43 and the lowest with 7.83 on Flying dragon but it increased during
storage. Fruits color development on Citrange was not as well as other rootstocks. Fruit on
Sour orange has more phenol at harvest time significantly. The amount of vitamin C in peel
of fruits that grafted on Flyingdragon were significantly higher than other rootstocks at
harvest time and during storage. The amount of antioxidant capacity was varied depending on
fruit tissue and rootstock type. According to overall acceptability data, no significant
differences observed to 20 days of storage at all rootstocks. With sampling at 40 and 60 days
of storage, fruits on sour orange take lower point with 4.67 and 3.67 respectively especialy in
common storage. Generally, Yashar fruit on poncirus had high nutrition value and juice
content during storage.

Keywords:. Fruit quality, Rootstock, Storability, Y ashar mandarin.
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