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Factors Influencing the Broken Rates of Kernels under Mechanical Shelling

and the Optimum Predicting Model to Estimate Broken Rates in Maize
JIANG Chun-yu', LI Yin—chang', YANG Jin-zhong', ZHU Ru-hua', DING Shan',
SONG Zhao—yu’, WANG Sheng—jian
(1. Agronomy College, Qingdao Agricultural University, Qingdao 266109;
2. Qingdao Academy of Agricultural Sciences, Qingdao 266071, China)

Abstract: High broken rates of machine—harvested kernels are one of the most important limiting factors for
maize product quality in China. This paper aimed at evaluating biophysical factors influencing the broken rates of
kernels under mechanical shelling and building single factor models for the prediction of broken rates. Ears with an
assign set of different moisture levels, from 7 maize cultivars grown at 3 plant densities, were subject to shelling
tests using the same machine. Plant densities from 60 000 to 90 000 plant/ha didn’t influence broken rates, but
maize cultivar, kernel moisture, kernel side crushing forces, and kernel puncture strength did at statistically signifi-
cant levels. In respect of effect sizes of different factors for broken rates, the total contribution of maize cultivars was
smaller than that of kernel moisture to variations in kernel broken rates. Kernel moisture contributed less than both
of side crushing forces and puncture strength, and side crushing forces did less than puncture strength. The contribu-
tion of plant densities to broken rate variation was close to zero. Kernel puncture strength was the optimum predictor
to estimate broken rates, their relation reads as: broken rate = 10.25%0.990""" *****_ Value 60 MPa of puncture
strength is a lower limit to reach a broken rate of no more than 5%. To sum up, t kernel strength affected kernel bro-
ken rate more than cultivar did, and plant density didn’t. The study provides useful information and an approach for
broken rate estimation, screening of new maize cultivars suitable to mechanical kernel harvesting, shelling machine
design, and manufacture.
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Table 1 ~ Covariance analysis for effects on kernel broken rates of kernel moisture ete. factors

L S ZHE ST I Tk
Source of variation Estimate Total contribution, »’ Partial contribution , w’,
i — <0.000 1 0.100 0.127
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Table 2 Covariance analysis for effects on kernel broken rates of kernel side crushing force etc. factors

GE S S ZHH SYUHES P BTk A
Source of variation Estimate Total contribution , »* Partial contribution , w’,
i A - <0.000 1 0.088 0.127
W -1.98x10° 0.5180 -0.001 -0.002
R IR L] -1.209 <0.000 1 0.307 0.336
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Table 3 Covariance analysis for effects on kernel broken rates of kernel puncture strength ete. factors

Source of variation Estimate Total contribution , ®” Partial contribution, o’
rn A — <0.000 1 0.083 0.128
I -1.26x107 0.670 0 -0.001 -0.002
SEHR -0.715 <0.000 1 0.345 0.378
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Fig.1 Kernel side crushing forces as an exponential decreasing function of kernel moisture
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Fig.2 Kernel puncture strength as an exponential decreasing function of kernel moisture
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Table 4  Screening of optimum models predicting kernel broken rates using single predictors
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Fig.3 Kernel broken rates as an exponential decreasing function of puncture strength
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