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/ Introduction \ / Results \ (able 3. Correlations between sugar concentrations of normal Ieavesv\s.

browning fruits and chlorotic leaves vs. normal fruits.

Apple senescent breakdown (SB) Is a disorder in which the inside of

the fruit turns brown with tissue breakdown (Figure 1) while the Starch analysis of Honeycrisp leaf tissue supported previously

exterior of the fruit remains normal. Leaf chlorosis Is yellowing of leaf Egr?tlémetﬂ;rt]utﬂg; 2??{5:‘;}220:6';\1:\/?%&6 dli S;_?Q\'A]:gi/aenrt mggzﬁjlg??h . Zr;; S A A
tissue due to a lack of chlorophyll, the green pigment found in leaves ar concentrations did not differ nguch betWeen chlor(’)tic and normal Srl:JcC b 0.763**
(Figure 2). Both fruit SB and leaf chlorosis happen in Honeycrisp Iséjgves Sorb | 0.643*
apples. | Gluc 0.563
Table.1 Mean (n=5) sugar and starch contents of chlorotic and non- Fruc 0.515%
chlorotic (normal) leaves in 2015. Starch measured using Megazyme SS;;) 0.3 0157
starch kits. Sugars measured using High Pressure Liquid Gluc | 0.08

Chromatography with Refractive Index Detection (HPLC-RID)

*Fruc: fructose. PSuc: sucrose. ¢Sorb: sorbitol. ¢Gluc: glucose
*p < 0.1. **p < 0.05.

It IS possible that the normal leaf sugar metabolism resulted the

Normal  2.42 48.38 11.35 8.14 9.68* browning fruits sugar concentrations.
e R | Chlorotic  2.33 44.91 8.88* 6.92 70.51
X X
Figure 1. Honeycrisp fruit senescent Figure 2. Honeycrisp leaf chlorosis: Normal — 0.87 46.91 11.52 7.15 10.80 o
breakdown: the Dbrown  tissues regional yellowing of leaf tissue due to Chlorotic 3.35 47.12 13.02 3.52*% 63.09 CO n CI u S I O n
developed over the storage while the the lack of chlorophyill. _ - _ _ _
exterior of the fruit appeared to be » Different from other values within column at p = 0.05. In this UROP project, moderate correlations between sugar
oL, | _ _ As for the soluble sugar concentrations in leaves, no major difference concentrations of normal Honeycrisp leaves and apple tissues with SB,
Minnesota apple growers suggested a possible negative correlation was detected. Fruit sugar concentrations varied with harvest years and and chlorotic leaves and normal apple tissues were found. Due to the
between fruit SB and leat chlorosis. According to the apple growers, orchard locations (Table 2). The two years of sugar analysis for apple small sample sizes, very little difference was detected in the soluble
chlorotic leaves appearing in mid-July indicate healthy Honeycrisp fruit are presented in Table 2, and the data in 2014 showed more sugar concentrations. Therefore, more evidence is needed to conclude
apple trees, and non-chlorotic leaves could indicate a future high 1 difference between browning and normal fruits than those in 2015. that an inverse relationship exists between leaf chlorosis and fruit SB
Eercentage OIf SfB SIUFIHQ_ apple sto:jage. Br?_ser(]j On a prethl_OUS S]EU?Y " Table 2. Mean (n = 5) sugar content comparison between brown and Future studies can be done on scoring the browning severities in order
oneycrisp leaf chlorosis is caused by a high accumulation of starch in S - - - -
yCrisp yang normal fruit in 2014 and 2015. to provide parametric data for analysis. Also, since apple flesh

leaves. According to Palmer (2011), leaves photosynthesize and produce
sugars. Some of them are converted to starch, then reconverted to
soluble sugars that are exported to fruit (Figure 3). Chlorotic leaves may

browning has been associated with polyphenol oxidation, testing
phenolic compound concentrations and polyphenol oxidase levels may
also help to explain the senescent breakdown in Honeycrisp apples.

export less soluble sugar to fruit than non-chlorotic leaves. However, 1 Normal 97.61 3.64 17.57 61.82
very little study has been done on how leaf soluble sugar concentrations 1 Brown 81.76* 5.89 12.96% 64.17
correspond to those in fruit and senescent breakdown. This study 2 Normal  108.60  5.33 2173 62.33 References
hypothesized that there Is an inverse relationship between soluble sugar 2 Brown  83.50% 4.37 13.29*  66.98 « Wang, H., Ma, F., Cheng, L. 2010. Metabolism of organic acids, nitrogen and
concentration in chlorotic Honeycrisp leaves and fruit with senescent 1 Normal 69.90 4.10 9.09 57.94 amino acids in chlorotic leaves of "Honeycrisp" apple (Malus domestica
breakdown. To explore this relationship, the major sugar contents of 1 Brown 69.63 4.42 10.04 59.16 Borkh) with excessive accumulation of carbohydrates. Planta 232:511-522.
both Honeycrisp leaves and fruits from two orchards were measured, 2 Normal 71.50 5.85 9.80 61.85  Bertier, J. 2004 Carbohydrate metabolism in two apple genotypes that differ
and correlation tests were applied to the results. ) SR 72 16 410 9.09 58 23 in malate accumulation. Journal of Plant Physiology. 161(9): 1011-1029.
T T Figure. 3 Key fluxes into and  Different from other values within column at p = 0.05 * Palmer, J. 2011. Plant phy_siology as a tool of productivity in different
Pholosjnihsl o \I fou within apple fruit (Palmer, 2011). Some correlations were found in sugar contents between normal leaves orchard systems Presentation.
The two primary soluble sugars . . .
‘ transported from leaves to fruit are and brown fruits, and chlorotic leaves and normal fruits (Table 3). ACknOWIE d gements
sorbitol and sucrose. Then sucrose Sucrose and sorbitol concentrations of normal leaves were positively
) ?g?rzziggeO;ﬁ;et‘;‘;ﬁhgelLgg;‘g’eﬁg correlated with those of the browning fruits. The positive correlations [ would like to ghank_ University of Minnesotar;_s Und?rgraduatelgeiearﬁﬁ
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W T starch during growth. concentration in chlorotic leaves and normal fruits also were positively srocess, and Ted Jeo from the U.S. Department of Agriculture, Agriculture

Respiati >an‘spiraﬁon correlated. Research Services (USDA-ARS) to provide HPLC support.




