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Table 1. List of rice entries used and their performances of grain quality
Unmature Vgrﬁte White Damaged 1000-.g{la;in
Entry Season & 56) 5 %) (brown rice,
Tainung 67 1st 6.49 67.32 4.96 15.55 19.16
2nd 17.60 54.59 7.58 7.13 20.13
Tainung 70 1st 11.51 19.05 4.03 14.73 19.20
2nd 9.61 11.87 1.77 6.82 20.46
Tainung 72 1st 19.31 28.15 1.79 11.03 19.11
2nd 11.55 11.38 2.83 11.23 19.27
Taiken 2 1st 8.27 20.38 7.27 10.22 21.02
2nd 12.91 12.51 6.96 11.86 21.05
Taichung 189 1st 4.71 63.34 5.45 8.44 18.85
2nd 8.04 58.04 4.55 7.97 20.13
Taiken Yu 1005 Ist 13.91 22.06 2.14 13.04 19.33
2nd 8.19 13.00 5.99 3.81 21.34
Taiken Yu 3732 1st 8.75 53.32 5.16 13.05 19.98
2nd 7.69 37.01 6.93 6.96 21.13
Taiken Yu 4052 1st 1.30 19.87 1.30 3.24 20.21
2nd 10.17 10.18 10.02 4.95 21.28
Taiken Yu 4406 1st 3.90 17.48 1.62 4.43 18.23
2nd 3.16 3.60 1.27 4.39 18.36
Taiken Yu 5031 1st 3.54 42,02 9.17 10.97 18.31
2nd 14.17 14.40 9.62 10.21 19.13
Taiken Yu 5103 1st 5.49 23.05 9.83 10.78 18.38
2nd 15.40 14.36 7.94 13.35 19.06
Taiken Yu 5107 1st 6.50 36.65 13.99 9.96 18.79
2nd 18.18 14.10 9.56 12.50 18.60
Taiken Yu 5109 1st 2.84 38.38 15.71 14.90 18.47
2nd 15.28 13.94 6.86 13.77 18.64
Taiken Yu 5514 st 5.03 71.75 3.11 15.21 21.63
2nd 7.68 29.93 1.56 10.57 22.17
Taiken Yu 5824 1st 9.23 40.42 3.17 11.45 20.76
2nd 13.95 4413 2.35 11.79 22.68
Taiken Yu 6287 1st 7.09 24.41 3.78 9.23 20.89
2nd 13.46 6.47 3.27 27.10 20.85
Taiken Yu 6695 Ist 11.51 52.94 5.93 7.74 21.12
2nd 16.21 19.88 8.37 8.57 20.90
Taiken Yu 6698 1st 3.94 13.87 6.71 18.06 18.01
2nd 13.33 6.94 9.95 10.47 18.42
Taiken Yu 6773 1st 2.85 22.36 9.30 11.68 18.31
2nd 13.21 19.95 10.94 10.12 18.52
Taiken Yu 6781 1st 7.96 36.60 11.35 6.70 18.72
2nd 19.48 10.34 10.57 10.70 18.677
Taiken Yu 7415 1st 5.57 70.12 4.18 21.23 21.98
2nd 11.44 474 8.65 11.74 24.67
Taiken Yu 8324 1st 10.01 44.54 11.69 13.94 20.51
2nd 13.18‘ 20.01 5.43 12.72 21.07
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Unmature White White Damaged 1000-grain

Entry Season grain belly core grain weight
(%) (%) (%) (%) (brown rice, g)

Taiken Yu 8383 1st .14.38 52.14 4.37 11.93 21.61
2nd 13.41 24.70 3.13 11.57 21.38
Taiken Yu 8472 Ist 12.47 20.81 4.00 20.21 19.14
2nd 9.05 12.08 7.74 7.62 21.03
Taiken Yu 9473 st 1.23 16.39 1.37 30.78 20.50
2nd 18.66 17.20 6.27 14.32 22.00

Taiken Yu 10044 1st 6.51 52.40 6.36 16.89 20.07
2nd 7.86 36.55 6.47 10.28 21.18
Taiken Yu 13365 1st 10.51 46.73 4.74 10.91 21.90
2nd 7.33 31.21 4.57 10.03 21.87
Taiken Yu 13635 st 16.75 12.85 3.76 12.00 20.51
2nd 5.08 7.36 2.36 5.00 22.04
Taiken Yu 13671 st 7.25 21.26 4.50 9.27 18.33
2nd 11.63 7.30 2.04 6.04 19.71
Taiken Yu 13733 st 6.55 16.53 9.03 9.79 18.43
2nd 6.06 13.34 4.92 6.20 19.99
Taiken Yu 16477 1st 15.02 43.97 1.70 15.78 18.86
2nd 15.33 4.21 1.50 6.30 20.12
Taiken Yu 14467 1st 12.06 40.88 0.62 11.83 20.73
2nd 7.33 23.96 2.76 3.94 20.75
Taiken Yu 10298 st 7.29 36.48 4.84 8.07 19.99
2nd 14.75 12.04 4.94 8.19 18.82
Taiken Yu 17731 1st 9.20 52.67 8.40 7.56 19.69
2nd 10.05 41.22 4.76 8.28 19.97
Taiken Yu 13281 Ist 5.14 73.10 3.23 13.81 18.31
i 2nd 9.29 46.74 7.67 10.45 18.25
Taiken Yu 13441 1st 2.57 55.11 11.37 8.51 22.06
2nd 16.24 14.37 6.27 9.48 21.13
Taiken Yu 19351 1st 7.69 16.50 2.57 14.40 21.13
2nd 8.59 9.32 3.86 6.34 21.83
Mean Ist 7.95 37.45 5.74 12.36 19.79
2nd 11.74 20.96 5.74 9.53 20.45
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Table 2. Correlation analysis between the constructed characters of the panicle and grain quality
Unmature White White Damaged 1000-grain
Character Season grain belly core grain weight
(%) (%) (%) (%) (brown rice, g)
Panicle weight (A) 1st -0.174 0.367* 0.404** 0.285 0.117
2nd -0.308 0.154 0.138 0.133 0.241
Panicle length (B) 1st —0.082 0.236 —0.144 0.128 0.430**
2nd —0.163 0.157 —0.290 0.450** 0.093
Length of rachis (C) 1st —0.248 0.224 —0.043 0.154 0.391*
2nd —0.057 0.073 0.099 0.376* 0.085
Total length of primary 1st —0.181 0.091 —0.238 0.208 0.194
branches (D) 2nd 0.049 0.104 —0.084 0.156 0.178
Number of primary 1st —0.372* —0.029 0.089 0.193 —0.109
branches (E) 2nd 0.295 —0.066 0.616** —0.117 0.334*
Grain number of per 1st 0.032 0.306 0.549** —0.345* —0.083
primary branch (F) 2nd —0.233 0.410** —0.290 0.470** —0.409**
Number of secondary 1st —0.362* 0.364* 0.146 —0.141 —0.241
branches (G) 2nd 0.410** —0.146 0.364* —0.594** 0.365*
Grain number of 1st —0.232 0.271 0.381* —0.302 —0.266
secondary branches(H) 2nd 0.194 —0.050 —0.024 —0.498** 0.045
Grain number of per 1st 0.199 0.313 0.489** —0.196 —0.175
panicle (I) 2nd 0.248 0.038 0.170 —0.384* 0.068
Weight of thousand 1st 0.058 0.173 —0.252 0.232 0.913**
grains (J) 2nd —0.251 0.293 —0.311 —0.011 0.980**
Filled-grain 1st 0.193 0.066 0.441** —0.373* —0.083
percentage (K) 2nd —0.442** 0.166 —0.512** 0.474** —0.520**
Panicle density (L) 1st —-0.120 0.246 0.593** —0.275 —0.280
2nd 0.177 —0.051 0.185 —0.514** —0.077
Grain yield per hill(M) 1st —0.036 0.278 0.242 —0.086 0.071
‘ 2nd —0.196 0.145 —0.165 0.183 —0.120
Panicle number (N) 1st 0.276 L —0.417* -0.311 0.152 —0.305
2nd -0.111 —0.082 —0.401** —0.194 —0.190
Filled-grain percentage 1st 0.245 0.300 0.465%* —0.250 —0.061
of primary branches(0) 2nd —0.205 0.271 —0.381* 0.475** —0.475**
Filled-grain percentage 1st 0.115 —0.128 0.305 —0.396* —0.111
of secondary branches(p)  2nd —0.471** 0.133 —0.538** 0.417** —0.514**

* o k%

Significant at 5% and 1% levels of probability, respectively.
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Table 3. Correlation coefficients beween grain dimensions and grain quality of rice

Unmature White White Damaged 1000-grain
Character Season grain belly core grain weight
(%) (%) (%) (%) (brown rice, g)
Grain length (Q) 1st 0.110 0.225 —0.385* 0.217 0.782*%*
2nd -0.213 0.320* -0.367* —0.080 0.861**
Grain width (R) 1st —0.031 0.555** 0.340* 0.096 0.486**
2nd 0.225 0.355* 0.379* 0.332* 0.304
Grain thickness (S) Ist 0.098 —0.211 —0.568** 0.112 0.317
2nd 0.068 —0.012 0.146 0.034 0.692**
Grain shape (T=Q/S) st 0.070 —0.106 —0.243 0.302 0.580**
2nd -0.310 0.078 —0.524** ~0.254 0.575%*

* s ¥* Significant at 5% and 1% levels of probability, respectively.
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Table 4. Correlation matrix among grain quality of rice

7

ch Crop Unmature Wlﬁte White Damaged 1000-.g'{1atin
aracter grain elly core grain weig/
Season (%) (%) (%) (%) (brown rice, g)
Unmature grain (%) Ist 1.000 —0.076 —0.325* —0.032 0.158
2nd 1.000 —0.090 0.450** 0.460** —0.208
White belly (%) 1st —0.076 1.000 0.078 0.036 0.301
2nd 0.090 1.000 0.074 —0.003 0.287
White core (%) 1st —0.325* 0.078 1.000 —0.173 —0.241
2nd 0.450** 0.074 1.000 0.133 —0.246
Damaged grain (%) 1st —0.032 0.036 —0.173 1.000 0.104
2nd 0.460 —0.003 0.133 1.000 0.014
1000-grain weight 1st .0.158 0.301 —0.241 0.104 1.000
(brown rice, g) 2nd 0.208 0.287 —0.246 0.014 1.000
* s ** Significant at 5% and 1% levels of probability, respectively.
£
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Studeies on the Relationship between Characters of
Panicle and Grain Quality of Rice (O. sativa L)'

Yong-Pei Wu?

Summary

Thirty seven rice entries were used as materials to study the relationships between the
constructed characters of panicle and grain quality. Experiments were conducted in the 1st
crop and 2nd crop seasons of 1993 at Chaiyi Agricultural Experiment Station, TARI. Results
were showed as follows: 1. The percentage of unmature grain and 1000-grain weight of
brown rice in the lst crop season was lower than those in the 2nd crop season. The
percentage of white belly of the 1st crop rice was higher than that of the 2nd crop rice. The
difference of the percentage of white core between two crop seasons was not significant. 2.
The relationships between characters of panicle and grain quality in the two crop rices were
different. In the 1st crop season, it was found that the percentage of unmature grain was
negatively correlated with number of branches. The entries with heavy panicle were higher
in the percentage of white belly. The percentage of white core was correlated with grain
numbers and fertility. Moreover, grain length was negatively correlated with percentage of
white core, and positively correlated with 1000-grain weight of brown rice. Grain width was
positively correlated with percentage of white belly, white core and 1000-grain weight of
brown rice. Grain thickness was negatively correlated with percentage of white core. Grain
shape (grain length/width ratio) was positively correlated with 1000-grain weight of brown
rice. 3. In 2nd crop season, the percentage of unmature grain was correlated with number
of secondary branches, and fertility. The percentage of white belly and white core were
positively correlated with number of primary branches and grain number of per primary
branches, respectively. Meanwhile, 1000-grain weight of brown rice was positively correlated
with grain number of per primary branches, and negatively with fertility. Moreover, grain
length had a relationship with percentage of white belly, white core and 1000-grain weight
of brown rice. Grain width was positively correlated with percentage of white belly, white
core and damaged grain. Grain thickness was correlated with 1000-grain weight of brown
rice. Grain shape was negatively correlated with percentage of white core, and positively
correlated with 1000-grain weight of brown rice.

Key words : Rice, Characters of Panicle, Grain Quality.

1. Contribution No. 1763 from Taiwan Agricultural Research Institute.
2. Research Assistant, Chiayi Agricultural Experiment Station, TARI, Chiayi, Taiwan, ROC.
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2. AFTEBBERRFIE ~ BIE - BiE - BTRA - EWE  FEW o
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il - STYCE2

RIBESEA R BCE I 5 I » BIRREZENEERI0CCHRATRES KSR T
~ 8 %EA » P RHERR FE E BT B R UL 100mesh EFi8;BER 2RI BEAIS S8R « §—
MRBEREDIRUL -
= mBERik

A 53R Bran & Lubbe AFIRER InfraAlyzer 4508 » HEALIM L2 AR EIGFI 19
EfsE R (specific wavelengths) RIM¥H #1 (spectrophotometer grating) BRBESERE (
integrating Sphere) WEHFZHHiftsh (lead sulphide) /RFESS (detector) REIEZAREE
RIIRECR R B (diffuse-reflectance light) o ZEEIMHE SR IEMEE (touch-sensitive
panel) - i ATE{EABGERFI AR EAERSPTEME IDAS (InfraAlyzer Data Analysis
Software) ETEMEHEINY » WELKBEERRILE - SHTHRASEFE (chain  proce-
dure) FHIIEE o ERABEBERNT—RBEATHHES » TAIFHESHETIE (repack calculatino) LIZE
BERFREE) - SEHEE M IMERARRMARI A (discrimi-nation) ~ $6% (picks) &
FEL ST (spectra analysis) ZIEAITHREERET o
s REBHBERATE

EBHE : A Semi-micro Kjeldal method EER®Y o

O : A0 A CIRIAER S5 » BRI 1 7 HEESURIGARIR550°CRIIRALIE R IR AL 3 /NEF L T

BRIRILMZERY o

ERIYEERE - LYosihida ef al. (1972) WZ HEERZ o

& : LA Yosihidaet al. (1972) ™z HEEES o
A PR

R PE SR Z 240(ERT RLEM S RRIAEE » 53 BIRSEALSME A HHE D MR EE » BRESEES
BB E A BBIDAS HPicks I REBKSRAGET MM T T AWM SRS » SRR H0ER S
ETLBRHR » WEKSHRB A HEE—BREESNT K » BEESEZREAR > BIESF—
R > SVHELBRESLEN TSR RA S BIE - BAWFRBZRNE BIER A EREEDETERES
BRABMERIRIE » MM P SRR o

HREFR

— RERZIEHE

BHALRIPEDRIEYIRD - WEAE  TEMERDE - BB RIRS A BIER » TRt
RMATRE BEY » LSRR LR AR BARBMER » ATIR—RAVTRIRSSERL 4 MR RIBIE o ME5HTRE
SRAEVERENE » SRR B RARITH > BICESRENEE R RS - IS BRETSRIEEER S
ZHE » HEEEBRMEEMTREK  Hilt » KPR+ EBIAET HE— RS R S8E -
RRAE 1R - HPEER - SR - RSZRBES R E57E0.940 F (%) » BATEE
ERRME > TREREENRE - AraRERETRERA S RS RRE » BHE%]1.55~9.48%
FIVSERETE.82~28.79% » IRSMRIAER.15~5.46% 2 ] o Fi t BASR 25 2 R (0 BML IS B » BT
FREMIEHENRRNE - RIGRER R EE%0.65 - SUEEERE2.04 » BEFRSH 2 i
= o WSt - i BRI STTRT RA NS RER M 2 8  ERBERERREEREERD » £
R2 fE{7%20.94 » BERHIEMEAEME - WESKEET - BREEDAEHSN DR BECS . 1K
RERFE—FHRE -
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Table 1. The prediction statistics of calibration equation fonr constituents of sweet potato tuber

Constituent I\g ﬁie‘l)‘f Conte% )range R? of gg.:'i‘?gation SEP of t(é:gbration
Protein 6 1.55~9.48 0.99 (N=40) 0.17
Soluble sugars 6 4.82~28.79 0.96 (N=40) * 0.17
Starch 7 59.67~75.90 0.65 (N=46) 2.04
Ash 7 2.15~5.46 0.94 (N=46) 0.25

z Value in parentheses indicates the number of samples used.
¥ Standard error of prediction of calibration test.

= RABRERERAEX
SHIMHRESAREZBARKTESSHERTRAEER IR » SALSHRESML » 2K
W55 - MRS BRESEEE » HISRSHRFE SRS Rk eHEEE - TR - AIFE
HE KB 25 » AMANTARRBITETHE - RHRERESTRETZEEER - AT
BAMRE A E LA BN o ERAE BB R AT F B SR 347 e A
1 > FI RS EE R R R - SERRE S SRR RS EUR HEE T R EREYE -
EMEREERAER® o £ 2 FFIFHERRESRM H19EERBEEBIDASELREAKE I
Fifg < B AR BURER - HPEAHE - T ERERA 5 EERERE I SRR E R
(R®) fEEESFIFR20.98 ~ 0.9500 | o AEIEIERRNZERRES » (58 H & A EBERAERER
o BIAIKSY » AIBEA LEBR AREARMENER - BN ZREROPEHENGAR (R?) ETH
» BERACERREFER  WREREENTETEARN SR - ERFRSERER o 2R
B2 =R TR BSE A - MR 2 FVIZRER » FRIEIIHROTEZRE - BRETRE R
BRAERERR - EAVRERDEGERE (bias) EL > R RHREMFEZEBRIERNT o

F®2. FSEALAMRSCBRE N H ERIRR G 2 BETER

Table 2. The regression equation of four constituents detormination in sweet potato tuber by NIRS

Constituent Fo F Value (wavelength, nm)
Protein 5.78 —155.20(1,778) —64.44(2,139) 1,637.88(2,180) —824.79(2,208)
324.74(2,310) —337.47(2,348)
Soluble sugars  14.94 36,292.74(1,722) —40,210.64(1,734) 3,201.88(1,778) 120.52(1,940)
3,757.29(2,270)  —3,193.05(2,310)
Starch 92.52 1,494.10(1,940)  —2,113.45(1,982) 1,026.68(2,100) —1,965.04(2,139)
4,146.97(2,208)  2,047.02— (2,230) —665.28(2,270)
Ash —4.16 1,134.89(1,734)  —1,935.32(1,759) 905.09(1,818) 44.12(1,940)
—480.35(2,180) —697.84(2,270) —308.10(2,336)

At s DU LR R R 3 L BRI ERSIT20E HEARERER OS] - WETHE
AFTESVTRE RIS o SR BB PRSI 20ER A BRI TE - MERERZER
s REBRHRERERASN - HBRERTK » WRAFGEALIMRERBITTRER TSR - ZRHRBIR
HERBEBK » BURIERR YRR BARSDI TR R ARE -
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Table 3. Comparison of the conventional chemical method and the NIRS for determination
of sweet potato tuber constituents

Constient MRS Comenimsl  Differegee Stgndars”
Protein 3.397 3.678 0.055 0.258
Soluble sugars 12.679 12.834 0.154 0.683
Starch 68.801 68.747 —0.183 2.333
Ash 3.455 3.404 0.020 0.343

* Mean of twenty samples.
¥ Difference between means for conventional methods and NIRS values.
* The standard error of differences.

SERLARRSI B R S G - TMEPSE - BT » HIRMEE S - IEA BT BRIEHRAIRENT
EH - MRS E0YE S I R0RS] » B ARE RIFAURER - R TE+4%E |
STALS MR AT AT (R — B TR » MR ST SRR » MUAMHL BT ERE o ATLUS MM
LRI ITERER TR » ARERERRRR  FREEUENEERZAER - BREEMKTIL
BOTERHEE  BE-RREEREM » WAREETRIES LD ABRE - B BT
BRI REB RS » AR 2R B GREEREZRN < B REH - MEESRER
ZRMEREE - S THETFNE - TRRE (R) RTRKEZSESR - BAIFRELERED
PRI B R 2B - (7F E{LB R FTRER H EEEALSMRE T RSB S » TR SR mkE
BERAREAR - 21 Samson (1991) "FUBTETRIDINT » HFBZMBHETHIBEE - RE
ABLUH BEAETTE 2T AN - IR TR A R B | R R SR A /7 R E
BRER  PERE—FHR - BE - HSEIMAS BRI R AR B — B ER S > T
BEENESERTH 2R G S RS 2820 » MR Z BRI 9918 & B R 2 RS »
BTSRRI E » RIS TR EEAREE B AR LR B E RS RTEE S - K
Il E LIRS R RA » TR » BRKF o RHREEA R ARBE 2R RGH » R EES
ARESR BRI S R AH R o

BRSERLOMR T A LB » HRBARSTRSZHERBREER » A0FMERE
AN H: - BIBRIATIA CRE ML ST HSET HERRRB AN » §IZRP AN ~ Wh ; BiRE
FIHEFENN TAMER ZEY  RHENER BTSSR S RAE  HASFRERRATSE
HREZRBRPHELRS R R E R ETET R - WHRR S EET S R
ik » HBEBRERF TONEER - B - ERHRHAREZEE > MBANAKILERR
I BAGRARSS ~ THER » DUHBRIRERC QRN C AR BAR » FREE— SR » BB ARt
BALAGR SRR HERWE -

STRLO R BT 7E R i B SR B L RONE PR P B 00 ERTERA R T Rmpae Rz
an'E CRWERA ML » RE ~ &R FILULEIER/NEE BRI » T LR —
RSN - R REE A ESITE - HAREREEE S WERERAZRE o

B oo
F ARSI RV IMAR B LR R » B o
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Compositional Analysis of Sweet Potato Tuber by
Near Infrared Reflectance Spectroscopy’

Yong-Pei Wu, Yung-Chang Lai, Hsin-Chen Lee and Yi-Sin Chen?

Summary

The analysis of sweet potato tuber compositions was carried out by the near infrared
reflectance spectroscopy (NIRS). It was found that, except of starch, the contents of
protein, soluble sugars and ash can be measured by the NIRS technique. The R2 values of
predictions for these three compositions were all higher than 0.94. Also, the differences and
the stand errors of measurements using the conventional chemical method and the NIRS
were small in the twenty entries of this study. It indicated that the NIRS with the regression
equations can be used as a mass screening tool for breeding programs.

Key words : Near Infrared reflectance spectroscopy, Sweet potato,
Compositional analysis.

1. Contribution No. 1764 from Taiwan Agricultural Research Institute.
2. Respectively, Research Assistant, Research Assistant, Research Assistant and Senior Agronomist, Chiayi
Agricultural Experiment Station, TARI, Chiayi, Taiwan, ROC.
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WER FE AHEB

BE  ARBUABEEZREATREE F, BXERME  £TRAREER (3760 120

» 180 » 240N kg/ha) 1T » HEVERHRIEA B TR BEMRE S/ REEELR
ZHE - BB RNT | AERENSEERGRBEERZR » THRABRPSEEINEL
ZBREFA > MEBEFK - TEEERERYMESEREZZR - A—REARTE
BREEREEZRZ—MESET (GCA) BEFVREEAR ; AR KICHRME » KK
BERZ AR P BREZHEHAN 2R BRI - SMRERZBEEE - &
FMAER TDN 52 REHREE  RBERTRZACHA RV E  ELERIERE
o BT - ENERTHERINEAE (120~240) THBEZHEEESHE(H,) -

BRI Xk RIEAE - HEN - HEERY -

EXRE Co BiEY » ERFAALERRERERRYE - MFYREYEEERERFRZEFER
B B2 ARREEY NSRS - —RIBHR RN » BEREYEZEREZEM® ;
FIR AR B TR TR EAUEITE E R IBEIER 0 o I—RIER B RE R - MR8 THE
B> EUEERARBERB TR o HEREKE RIERRAER ~ HERAEK A A BE R
BETHERTSREREOYEERNIRANEREER - MELEEROFRZEREH - B2
T TORBATER ~ A ~ 175~ SITHE - BNEREREEBRURMYE (additive) 2R
(EBEAIS] » HPRERARFRIGERMYE (non-additive) HEEEY .

HEESEEX LNFAEREELYE  HEREEFORE - B REEHEEEZSORER
BB » HRERHETREE THERESHBESME™ - 52 FARRELREETER
R B R T RE R BRI  ARENERIEARZERREHET » TRMEE
EBFERANFRN - B—EESENRE « A HAE7ERN RICHA R IR ~ FAE
BREMBRBEREA T REHEES TR LE -

HERAE
FHBATHE AN BRI R ~ RFERAENER 1 FiFl - ZEREER=EENEZPER

1. EMEBEELERAT  TSUIE ST 1765 5 -
2. AFTREREAES - IEARARARE - XWE ZTHK BHEE-
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HI15fE Fo K 6 {E#i4 - £19914F 9 A 19 HERER RAEFTHERE - A1 &7 R340 kg/ha - H
FRBIRER T ZREZHERH » ZIB%E > N BEHRBEESE60 » 120 » 180 » 240kg/halufk »
ERYTIRERERANZER » BAREE - ERFFIREIE o RS IR FEIERARMR o IR
FE39SERERER (N : P2Os : K20=12: 18 : 12) HAEHMS00ke » PEHERTMHA LR - HErFILE
Dimigshi (N=21%) PRI LR o NEITR 4 AR » THREETOX 25245 » Z1TE  BRW
B - it 2 BBRMREE 5% o HREREERE - bt B RS SRE—RERREE A
HHET - SR AEESFEMT ¢
®. AESREXRAZEREN

Table 1. Backgrounds of the six inbred lines evaluated.

Code Inbreds Pedigree Origin Kernel type
A Hi 25 (B14A x MV source) BCs Hawaii, USA Dent
B Hi 31 (B68 x MV source) BCs Hawaii, USA Dent
C Hi 33 (Mo17 x MV source) BCs Hawaii, USA Dent
D Antigua-D Antigua Caribbean Flint
E Sw 654 Suwan-1 Thailand Flint
F TAB80-2598-44 (TA80-2598 x Suwan-1) BCs TARI, Taiwan Flint

—~ FAfER (days to tasseling) : fRISHIBREEH LS/ NEFS0% EEEHMBIE RS HE » UIE
TR o

=~ Bk (days to silking) : H#%%E B2 Z/INE H50 % Ak HEREBRIAH- ST~ B8 > LIHETR o

=~ FHE® (leaf area per plant) : PBH#E—EHE/ NENHEITEEREI0E » HIES YRS
NRRERIREREBERTRM » FRE0.7559.3957 88 cm? Bz FHEY o

M9~ ZYE (dry weight) @ BHMEISEK » S/AERZH » £70°CTFHELRR » BHRBED g
Fn o

I~ RBBILE (ear percentage) | LSREUEZ MR RRESBIHE » HrhRMSREKSYE S
s L% TR o

N~ MEBRIB{LE (TDN% —total digestable nutrient percentage : % %3 TDN iR E
Z Pioneer Hybrid company"?2Z FHIAREIEZ :

(RCTENVAI AT X 0.582) + (RUESEE X0.85) I
(NGRS E + S E) x100=TDNY%

-~ BRFHE (kernel number per ear) : B Eft 5 M2 SR TFRIB o

/\~ BHE (100—kernel weight) :@ 5 BBRRKIE: » EEII00ET 2 ER » Llg R o

i~ ERRERHEE (LGR —linear grain filling rate) : l TR FCEH » 5 —IUERIFTAlZ T4 S »
REMFERNE - REEBRTFHEERHER » HESFHAS LGR (mg/kernel-day) o

T FRER (grain yield) : S/MNERRFH—T2ERPRERZTSE » B g/5 plant BE
fif o
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SRESFTISEE » JOEIT AP B A S R EEEENE R - HARILL Griffing" " I 75k
SEFEER o ARG EAERESERIESHR T2 HEEY (heterosis, Hi= (F.—MP) /
MP x100) BaftsfEE® (Heterobeltiosis, H:= (Fi—HP) /HPX100) © °

= R

AABRFTEEIE L B ANTINRE 2 - BRRIEREHAHEER  HRZBREER > MERDE
EFREERESEEEER - AEMRD » EEEEER - FRERERES (LGR) ~ZWER
FRERRARIEREREZRRIER - M 3 ZFHE  WEHAEERZ RILERREEEE
B R (E7E S pREET BN B 5 M St A R ST N A 3% o T PRI R Z R » TERR60
~120kg/ha Z FI%REHEEE » T3 FALEHE120ke/ha B » AIGERR - —REZRILHE F H2HE
BT R MBS » PRl AXB» DXE» DXF K& EXF EKERBIIERHA% o BLHRIEH
MEEEERS > M D & E BESRANIERNR » MEZE > hirBHBHFsRS DREZ—& R
AR IETN - HHEWE » BXRPU D Kk E 8K ; MEZERRL BXDCxDDXE >
DXF B EXF %#E o R » BRRFLL A~ C~F BA ; ML AXD » AXE» AX
F B CXE %K - SHTHE » ERERRE F, BREXRED » MHERETLL CXDCXF D
XE > DXF ZEMEERLHTFHE - BRENNKEFBERRE F #E/)  THHERETL A
XE» BXE » CXE ZH8A o PAIEMRERES » —RUBZRE F &/ - T FjERET
AL AXD» AXE » AXF» BXE » CXF 8K o PREREBZREN D K F8X - 1 B 2R
B2 FRER ; F ¥REP AXE» BXE»CXEDXE» EXF $H&EE - HFEBZ » £EK
Frh o BRI ER B EEE T F JEED » DI E X RS RN E X EEZ AR - A
RHHEYERFHERZHEGHR

#2. AMEEZRRLZER F #REENERCHE T Z97E

Table 2. Mean squares of six inbreds and their half-diallel hybrids evaluated at four nitrogen rates.

Mean squares
Source of Degree a

of Kernel .
Variation freedom Days to Days ot Leaf area Dry Ear TDN  number 100-kernel LGR Grain

tsaaeling silking per plant weight Percentage per ear weight yield
Block 2 4.19 1.03 939 118 29.4 2.36 818 1.42 131 127
N rate 3 1.38 5.86 767 0.44 26.7 1.36 326 1.72 2.55 54
Main plot 6 1‘36; 3.54 285 4.81 17.1 8.07 301 3.97 1.13 65

error (Ea)

Genotype 20 138.83** 197.37** 9,405** 193.74** 108.5** 7.39** 6,805** 227.02** 19.64** 2,675**
NXGenotype 60 0.86 1.68 359**  5.36* 243 1.71 193 4.38 3.18** 41*

Error(Eb) 160 1.15 1.88 249 4.38 20.3 1.51 173 3.84 1.98 30

* ** Gignificant at 5% and 1% level of probability, respectively.



18 hEREME F MU B E 1Y 1995

F3. TRREERRERYZEEEEE R YE
Table 3. Means for agronomic characteristic of nitrogen rates and genotypes.

Daysto Daysto Leafarea  Dry Ear TDN  Kernel 100-kernel  LGR Grain
Source tasseling  silking per plant weight percentage number  weight (mg/kernel vyield
(day) (day) ()~ (g/3-plant) (%) (%) perear(No) (g) -day)  (g/5 plant)
60 58.9 62.5 4,576 503 33.7 67.2 343 24.8 7.46 412
120 59.0 62.6 4,634 500 35.2 67.6 360 24.5 7.70 431
180 59.1 62.4 4,630 499 34.1 67.3 356 24.4 7.41 433
240 58.8 62.4 4,828 497 34.1 67.4 353 24.7 7.11 431
LSDo.05) 0.5 0.8 232 30 1.8 0.4 24 0.8 0.46 35
AA 59.8 65.7 3,183 272 38.0 68.4 211 20.7 7.31 182
AB 59.8 66.1 3,719 301 35.7 67.7 227 24.4 6.66 235
AC 54.5 58.5 4,714 450 35.1 67.5 364 23.3 7.10 381
AD 55.3 58.2 5,257 509 37.0 68.0 333 26.3 9.14 426
AE 55.8 57.5 5,428 570 38.7 68.6 393 32.2 9.06 607
AF 56.2 58.3 4,526 514 37.9 68.3 381 24.3 9.09 443
BB 65.8 69.8 3,476 336 29.9 66.2 202 21.9 6.25 179
BC 57.4 61.4 5,109 562 32.9 67.2: 382 25.7 6.78 474
BD 58.8 63.1 5,794 624 34.0 67.3 396 278 8.57 562
BE 58.7 60.4 5,668 645 29.6 66.1 398 31.5 9.27 612
BF 57.4 59.4 4,921 564 33.0 67.0 384 27.0 7.50 505
cc 60.4 65.3 3,603 315 36.7 68.0 271 17.8 5.30 205
CcD 55.8 59.3 5,100 623 32.7 67.0 460 23.1 7.26 526
CE 55.6 57.4 5,730 494 38.5 68.5 373 32.0 9.05 582
CF 55.8 58.8 4,445 500 35.1 67.5 416 224 6.44 495
DD 65.8 70.0 4,534 483 31.6 66.6 325 17.3 5.76 280
DE 59.6 63.6 5,559 689 30.9 66.4 453 24.3 6.62 548
DF 58.8 63.7 4,523 616 33.5 67.0 412 25.0 6.87 514
EE 63.3 65.8 4,762 514 30.3 66.5 362 23.5 6.34 426
EF 59.3 61.8 5,280 615 31.2 66.5 403 28.4 6.74 584
FF 64.1 67.9 2,677 299 36.9 68.1 272 174 5.39 220
LSD.s 08 - 11 403 57 3.6 1.0 33 1.6 1.13 48
LSDe.o1 1.1 1.4 532 75 4.8 1.3 4 2.1 1.50 63

ERVHETFARICHERET » RHSEWESRIEEATHR » B2 FILER & 18 s
HEE AXC» EXF S8 o ¥ RIEHEA R E608I1E1180ke/ha HRIBEE » AR TR
HMEH AXA> AXB>» AXD»AXE»BXDs»BXE»CXC»s CXF &Zo R INZE120kg/ha
W HERYMERRA » RBRETHBRRIE AXF > BXB>»BXF > CxD» DXD ZHEH o T
RIEHEFA R H602240kg/ha Z M » HEHRWEEHR THRETHE BXC» CXE» DXE » DXF

' EXE & FXF Sl - Mt EHERDTR - FRREEYES FEEREFER(E4) -
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F4. THREHERTSERN 2 FHEME (HHE05ER) RANER (R 259H
Table 4. Means for dry weight (35DAP) and grain yield (maturity) at various nitrogen rates.

Dry weight (g/3-plant) Grain yield (g/5-plant)
Source 60 120 180 240 60 120 180 240
AA 267 253 324 244 171 165 182 209
AB 302 285 333 284 213 225 272 230
AC 407 402 411 509 383 413 303 333
AD 486 542 543 465 406 433 452 413
AE 531 578 504 575 605 624 629 569
AF 540 561 411 544 438 499 384 451
BB 316 348 323 356 185 181 186 164
BC 607 559 514 568 484 488 438 488
BD 567 651 657 621 505 584 599 563
BE 603 680 683 614 534 616 619 681
BF 544 584 567 561 485 563 487 486
cc 294 287 309 282 208 170 226 218
CD 652 667 606 565 557 535 527 485
CE 534 449 478 516 582 590 595 562
CF 464 492 544 502 385 501 544 551
DD 454 484 457 536 261 285 262 313
DE 754 737 601 664 491 552 566 584
DF 644 612 627 581 495 485 540 537
EE 562 473 531 490 457 419 446 382
EF 617 595 592 658 542 502 597 634
FF 348 273 281 205 270 233 170 209
% 503 500 499 497 412 431 429 31
LSDwos 11 12 11 11 8 10 10 11

TREBETRBIEART » RN RRESWEFR TR o FIBHEHRH60E240kg/ha 2
M HPRERETEMNE AXA>» BXE» CXF» DXE» EXF S#4 o IERRE608E180
kg/ha FEFIRRER > RRETHZEHEMNE AXB» AXCs AXD» AXE» BXBsBXDsC
XE » DXF o BICH A ®7E120kg/ha BIEBHER - BERE THRISETHHESSE AXF EBXF
° RACH B H60E240kg/ha X FRERZHFRTHEE BXC> CXC» CxD» EXE B FX
F FERA > AETEHERATR » 2RRE TFRERS FEBRBUERTHE (84) -
TRBEART - SEREWREE TSI - MK 5 BIR o WE HE TR H60E240kg
/ha M FATERIZ—BHEAT] (GCA) RIFHKAMEAET (SCA) ¥A#EEE » HE GCA #HHm
SCA 75 HAEEENR 1 » RRBITENIR RN RIE R R B4 S S o WA R F SRS
fd » 3 GCA & SCA ¥#MHE » M GCA/SCA HAEMCOTIBESE 144 » Hep/ND 1 » HRAE
60kg/ha T » GCA 52 SCA RI%EE > ME120ZE240kg/ha FHIER » FHIH-F 2 EERH LR
IEASBEA LD - BARZEEBZ GCA K SCA ¥/559#BR% » 7E60kg/ha UL GCA,/SCA
PAEESE 1> TIE120%240kg/ha I MBS AR 1 BREERETIET » REMMEEBA LS o %
HlRz¥IE > 3 GCA R SCA ¥ 5EABAMER THIEMEEE » FRFIE GCA/SCA HiEgAin 1
» FRBIRIMEASBAH] o RAEEEAER TDN » ZENERERET » BRI RIMMEL {58 A
Bl - SRETRBZ GCA R SCA #/#EBHEE » R GCA/SCA HIEMAR 1> BRBLE
I ERE BRI - ERE > ENEFESHRT » 2 GCA R SCA HHHBMEE » 1£60%180
kg/ha Bz GCA/SCA HAEKR 1 > TiE120%240kg/ha FAERS » EIMEAIESE 1 - PRIESEE
#a# (LGR) ETRRIERET » MAHRFMTR » f£60kg/ha FILEHE SCA SEEZHH
GCA R SCA HfEi/IM® 1 ; 120kg/ha B GCA K& SCA ¥/ % » HILEAR 1 G810
kg/ha T » HGCA R SCA 2B/ » 1 GCA,/SCA HAER 1 » B RAIHE s Rt 2
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#8l ; TERIRER240kg/ha B » GCA #7452 H# - T SCA #57REMmMEE » GCA/SCA HfE/hG
1> ERERIEAS240kg/ha BELIFERINEEFUEBRED - REAFRERORR X GCA &k
SCA /7393 - ERRIERME KR MERREH FRERZRE » ME12050CH - RILFE
R IR RSB IR

5. AEERRERHSLZER F HERBMEREA NS TZIYHE
Table 5. Mean squares for combining ability of agronomic characteristic at six inbreds and their
half-diallel hybrids.

N Source Kernel 1 .
Nitrogen Days to Daysto Leaf area Dry Ear 100-kernel Grain
rate vari(:lftion Dt tasseling  silking per plant weight percentage TDN ';:TB:IT weight LGR yield

GCA 5 10.29** 14.54** 806**  296** 29.7** 1.82** 670** 25.0** 125  220**
60 SCA 15 8.94** 15.39** 846%*  137** 11.7*  0.78*  235** 16.4%*  3.48%* 174**
Error 40 094 0.69 62 15 5.4 0.37 49 1.1 0.86 7

GCA/SCA 1.15 0.94 0.95 2.16 2.54 233 2.85 1.52  0.36 1.26

GCA 5 11.03** 10.88** 956**  306** 30.7**  2.13** 957** 17.4**  1.83** 203**
120 SCA 15 9.94**  20.06** 536**  179** 7.5 0.61 705** 18.2**  1.37** 257**
Error 40 048 0.78 94 19 7.4 0.55 55 11 0.49 12

GCA/SCA 1.11 0.54 1.78 171 4.09 349 1.36 0.95 1.33 0.79

GCA 5 12.95%*  14.47** 1,813**  211** 16.9 1.19 874 35.5%*  2.04** 304**
180 SCA 15 12.49** 18.68** 780**  122%* 10.7 0.79 659** 20.7%*  2.25%% 225**
Error 40 030 0.53 126 16 7.5 0.63 79 1.0 0.55 12

GCA/SCA 1.03 0.77 232 11 1.58 151 1.32 171 091 1.35

GCA 5 12.90** 11.07** 1,595%*  243** 40.1%*  2.75%*  Qgl4** 21.2*%*  2.00* 269**
240 SCA 15 12.10**  18.64** 751**  139** 11.1*  0.75 521** 18.3**  3.53** 240**
Error 40 020 0.50 64 15 5.6 0.45 53 1.9 0.72 15

GCA/SCA 1.06 0.59 2.12 175 3.61  3.67 1.75 116  0.56 1.12

* ** Significant at 5% and 1% level of probability, respectively.

TRREERT » BERZSBREMRZ—BRIEET (GCA) KBEFHTIRE 6 - MERFREHE
HREFALEERT - AT GCA R » A &k C BAKE (RFE) » HBRERRBEZE (Kb
18) o M:kk# A,CE ZEAMME (RHbk) »B & D RIEXME (i) > F BRRERL605K120
kg/ha TREEZME - THHERAL1805240ke/ha TRIFHRHIER GCA RHE - BMRIEEB R &5
H# ABCF RAXKE T D & E EIERJE o FRHAER TDN MiER » % B,D,.E BE%K
FE > T A,C RIEXUJE ; BRR F 7£60%180kg/ha FIERNE » {H7E240ke/ha RRIEIBE EIKFE - &5
RTPHNBRIERSE - £ERR A &k B BA%E > T CD,E,F FRIFBIEMRME - BRESHE » HRX% C,
D & F RARME » HERERRARIENE - LGR R > A R E BIEMFE » i C R F SAXE ;
B BRREEFRE T605K120kg/ha HIBERTEMIE » ERETHBIERE ; D BRRMERIER120
kg/ha FRRIERE » HEARIERE TERALE - RAFRER » BZHR AB & C 2E%E » T
D,E,F RIRIERE - FREART » HEMRER—RIEART » BXRMZ GCA BE - FHEERE
£ ; METRBESFRESEERZERE » KB ERRZGCA BUEEFHE—SIRIE - Kt F
MREZHERG/IHE (SCA) » ETRIAEHE » EH—BZABIE (REWH) -



FIERAEHTRBREEREE T REEES KRB R 21
6. EAFAFEAETHERREEBEER—RIEETIUE
Table 6. Genernal combining ability effect for agronomic characteristics at various nitrogen rates.
Days to tasseling (day) Days to silking (day)
60 120 180 240 60 120 180 240
A —1.43 —-1.47 -1.00 —-1.61 —0.98 —0.79 —0.90 —0.93
B 0.40 1.36 1.87 1.30 2.05 1.00 1.80 1.48
C -1.39 —1.43 -1.75 —1.57 —1.32 —1.45 —1.56 —1.43
D 1.27 0.57 0.71 0.85 1.26 1.71 1.34 1.03
E 0.65 0.61 0.42 0.34 —0.65 —0.33 —0.82 —0.68
F 0.48 0.36 0.12 0.68 —0.36 -0.12 0.13 0.53
S.E. (gi-gj) 0.48 0.35 0.27 0.22 041 0.44 0.36 0.35
Leaf area per plant (cm?) Dry weight (g/3plant)
Source
60 120 180 240 60 120 180 240
A —224 —296 —416 —409 —-81 —78 —69 —76
B —168 —-25 —53 —48 -33 -6 —-11 —14
C 31 —68 —41 —122 —-24 —45 -17 -31
D 432 297 298 382 61 84 57 61
E 341 576 755 667 80 60 65 66
F —381 —434 —542 —469 -2 -14 -23 -5
S.E. (gi-gj) 124 154 178 126 19 22 20 20
Ear percentage (%) TDN (%)
60 120 180 240 60 120 180 240
A 2.59 1.65 1.68 4.32 0.66 0.42 0.48 1.10
B —1.86 —2.82 -1.52 -1.34 —0.54 -0.72 —0.36 —0.31
C 1.84 2.19 0.30 0.32 0.46 0.61 —-0.11 0.18
D —0.52 —0.86 -1.14 —1.83 -0.17 —0.28 —0.27 —0.49
E —2.16 -1.29 —1.04 —0.73 —0.40 -0.32 —0.23 —0.24
F 0.12 1.12 1.71 —0.74 0.00 0.28 0.49 —0.24
S.E. (gi-gj) 1.16 1.36 1.37 1.19 0.30 0.37 0.39 0.23
Kernel number per ear (No.) 100-kernel weight (g)
60 120 180 240 60 120 180 240
A —45 —46 —44 -38 0.08 0.10 0.00 —-0.27
B —22 -37 -32 —45 0.63 1.01 1.23 1.18
C 3 8 7 13 -0.71 -1.17 —-1.13 —-1.96
D 19 36 33 27 —-1.57 -1.19 -1.73 —0.96
E 32 31 34 35 3.13 2.39 3.56 2.58
F 14 8 2 9 —1.57 —1.14 —1.93 —0.55
S.E. (gi-gj) 11 12 14 11 0.53 0.52 0.49 0.68
LGR (mg/kernel-day) Grain yield (g/5 plant)
60 120 180 240 60 120 180 240
A 0.57 0.27 0.72 0.85 —59.8 —62.6 —73.8 —175.2
B —0.06 —-0.08 0.27 0.11 —34.2 —22.9 —-37.2 -30.1
C —0.34 —0.54 —0.40 —0.49 -15.0 —-19.2 —19.4 —20.8
D -0.32 0.54 —0.53 -0.11 13.7 17.2 28.0 23.0
E 0.40 0.38 0.31 0.13 92.7 87.5 121.7 96.3
F —0.26 —0.58 —-0.37 —0.49 2.6 0.5 6.7 6.8
S.E. (gi-gj) 0.46 0.35 0.37 0.42 134 17.5 18.0 19.4
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HARBHERZ RS » EFESRRMEIERMERE - FRBATAENMER T - FREBEER
TDN W& SCA fERMEARE120 - 180 » 240kg/ha TAERES} - HEAMRESERLEFRT - &
EREE - MERBEERETSREEE - B - BMEESF - HRFERIMEERTHESERIL
ST » RUMTRESEE R ERGES » fi3R 7 WF HEATEH R 2 S EE S R E RS
ZEAEARTYAAMEERER) - RRUBEEERSE » B EFR TR BIE - £/
A TE120ke/haBIER RBE - HBRFEER TERBMNBAERE - TDN KRBEFA6C0RK120ke/
ha BRI - TFE180/K240kg/ haRACK AR R A 8l - BIRIEER - HHREYE - 38
FHRE - BAE > FRERERERRFHERSER  EFEREER T ERENHEEES (H,)
RMEEESEE (H) - EREHESNEREE » BRI E o

#1. FTRARCAHARTSEREHRZHERY (Hi%)* RAHERS (H.%)Y
Table 1. Heterosis (Hi1%)* and Heterobeltiosis (H2.%)” for agronomic characteristics at four
nitrogen rates.

Kernel 150 yernel  LGR

Nlﬁl;(igen tgssyeslitxog Eﬁiisng) %:?fpzll;ﬁztl wlgi?;lt perfeiiage TDN g‘é?::; weight (mg/kernel) gfg‘c’!‘
HY
60 =914 —9.13 49.3 52.9 2.83 —0.002 24.8 30.5 37.3 87.8
120 —8.92 —11.03 30.0 60.7 —6.80 —1.089 49.7 34.5 17.8 111.6
180 —9.58 —10.69 43.0 46.4 5.56 0.660 53.4 35.7 21.9 113.7
240 —9.76 —10.32 33.0 55.7 9.50 1.076 43.7 35.1 52.2 108.4
LSD©%) 0.77 1.65 17.8 11.9 13.80 1.888 254 4.7 31.4 23.8
HyY
60 —11.54 -11.32 33.56 28.3 —6.18 —1.282 12.4 20.0 20.3 52.2
120 —11.66 —12.46 15.84 373 —15.00 —2.129 27.9 25.5 5.5 82.0
180 —11.84 -—12.78 20.38 22.5 —4.97 —0.753  32.6 23.6 6.3 73.6
240 —12.10 -12.17 15.26 29.5 —-0.21 -—0.027 23.2 23.9 36.6 73.9
LSDw.t5) 0.48 1.25 17.02 12.1 12.34 1.771 17.2 4.6 29.2 25.5
H F‘_T;r:y_ X100 *H F"T_Tr X100

R R HEESGE (H) - EFREEARMRERRR B8 - BB HHAHA
EMERS  FRETHE - BNERFPRERSUBEIE (120-240kg/ha) TEERRNEEES
8 (&7) o

36
a aff

REBBIEYEORRERROEERY » REREREN - PRERTHER » EREY
HERNKRIERVIRG  SRERARNS D » aREREHEROEE » ZARBRHERGRILHER
5760 » 120 » 180 » 240N-kg/haluf » HERIRETR R RS RICRBSRAREEEER » THEFTHE
FZ ERAE21ME » TSRS R RS T AR R0 B F R 38 B 2 R R R B R RUAE B i b e
BTCHERTRERIAREN » BEUEHNERE T RBIERE » MR RAIEZ R E5 R
o {B7E605R120 A2 » TRERNWERRTIE LA EIBERR - —RATCRIRFHER W
R BERRE LARCHFFEICEMEL —FRBF » PR EIEReMTASE » B8E
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F—EEAITEEM - KA TRARHG™® | FRERUTRAZIRE FNERNEERLEFRT
[99» AR ERERTAERILY » FEEMERTFNERS BEREHE2R - FHEFERBE
602£240N-kg/haZ N ER < K& R ERUEINZE3 ; HHFE1205K180N-ke/hafl EE B &L - A
BRREE FATHE A BAINT T  ARER RS2 B RBE60~240N-kg/hafl R BT R T
RHE#IS » B Smicklas and Below"® &zMoll et al. "9 fE RIS - MBS ERAER—ZIEHET
ZTHERNRFNEREZR » TTHAERRBMAE - EWERTHNERS S SRR EHFSELR
FEAERRE® o

EREIERTAMERZRME - 30 - RRSRSESERTHEE  —RBENA/NZERTRE
FRR/NEAFHRPEBATHR © SHRRA/ N R BOL A TR E AR » R At ERRE Rk
/INATFRERRERARYY  THELEMRFREREE » B GCA/SCA ¥4 E » TR
~ BAE - BRFNEBEL GCA HAEBRKIS » T FRZERFHEAL SCA HAEBEED , f
BHEARRMEERSY - BRI ER Mt Z ) - REGRAEHRATE » MO EmENE « &
ABBTRTRAREAET » SERBHEREATIANZER » WE A - BASER - BhE -
EMEREER FNERSMEIRE GCA/SCA Hil » 52 R IR RSB ILE ;| RTEITEH ~ F4
WYE - RAELE - TDN » SRTHBSNESS ZRIEARHARTYE - HhERTR 2 —@He
FIRPE » AR FIEF R » KERDERREHE —BE&B0E » BER—REESHRERSERE
HARZTFTAES B - SEEREIERMERRZRE > EEESE (L) EXER
JEF BETFAZR » @S8R 58 NGB E SR TS S R E SR Tl 2 SRS o
FEBPTRFERREET » AU BRENEIR 2 e I 3 R B R 2 e F B T 25— B i 8
B TEHFR TR - BNERTHERSMNR » ERR60E180ke/haf HXERESE (H,)
BRI - {85 FICH F &5%240kg/hab¥ » FUHMEESERYS TR  BESOBHERTRH
EERR160kg/hatt240kg/ha T RAEKE Z HEESBMEMEM « THEHPHHRIERE » Bz
BAERANABEBERRARN F #XEZSMPNEY - BNERTRNER Y BEESRNRE » 755
REEHET (40120~240 kg/ha) EIEEK - iBEE Burkholder and McVeigh©FiRsEAE
B BERREERMTSER  HEESRTENMIER o TiFCH R EER B » Tht
7SN NTIE

EHSRRBERER S ER » HEMEEOANEEERE T » £25IEH R SRS
TR > AABRATRERMIR S » ERME - REBRIELE (TDN) ZEMEES 2R
B > TBATER ~ thA - BAREEERY - WHIRWE - SHTA - BN E - PHESEERERT
WEBFHRETRFIEARE T & S8HENE » BRLSHERETS 2RI BT AE R SRR o

ma LR BREERERIEA RN ZF RIS STEE » ThEhR L ENEAEDE
H 40kg BRRETFERLBILRS T RATHEERATE » BrERZSRITTEL » KRS
RN RIER MR I FHEE » BB EREBAES o i E 2R 2 — i & T R s
SR AN BTAES R EE - TSN - BN ERTRERZ EEESMETEE— LR RN
HREE R IGNTRE 2 5 o B MR R B B R B R R 2 o s v b2 (TDN) 5
REACH B TARSOR BB S » RERIMEARTE T AR B TS —3 - SIEEEE o
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The Effect of Nitrogen Rate on the Conbining Ability

and Heterosis in Maize Traits!

Guang-Jauh Shieh, Chan-Lee Ho and Hung-Shung Lu?

Summary

This experiment was conducted to evaluate the effect of nitrogen on the performances
of combining ability and heterosis of agronomic characteristics in maize using a six-parent
half diallel cross as experimental materials under four nitrogen levels (60, 120, 180, and 240
N kg/ha) . The results of ANOVA showed that the effect of nitrogen on the performances
of agronomic characteristics were nonsignificant, and however, the effect of genotypes were
significant, respectively. This nitrogen-offsetted situation might be due largely to the
different needs of various genotypes. The tendencies of general combining abilities (GCA)
of agronomic characteristics under the same nitrogen level were significant different.
However, there were consistent tendencies in specific combining abilities (SCA) and GCA
for most of inbreds under various nitrogen levels. The degree of dominance estimated was
overdominance for the agronomic characteristics evaluated and was not affected by nitrogen
amount used with a exception of ear percentage. In general, the kernel number/ear,100-
kernel weight, and grain yield/5 plant showed a high heterosis (H;) at higher nitrogen rate

(120 to 240 N kg/ha) .

Key words : Maize, Nitrogen rate, Combining ability, Heterosis.

1. Contribution No. 1765 from Taiwan Agricultural Research Institute.

2. Respectively, Assistant Agronomist, Assistant Agronomist and Senior Agronomist, TARI, Wufeng,
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BEFAREKXLFARFLIYE
1. %44 K0

®ER RAX® ££R Axi

BE  TRUESITERERTHREETHNERRE  FRBUTKGEZR—REMN

REBERERVNBERYERAFORRESEER - ARFENSSEEENER » NBHE
B4 AR o 11991 K 1992 SFKMEETHER » TS 75 cm > 1991 F£HA
HREE 11~ 22 & 44cm ZRERE > 19926 A11522cm R » SUBHER S LHAMIER
{ARERRBREE R 11 cm FIHRES 22 om ; EFEEHLHIMERIE » ST TRBEZEYE
REARZEMMER - BETZhIR > REVENER-REKCMHREARZREANE
WA B REMEREAESRIETHRARALERETR - TEREMHEREARSER
2B RE RN REA T o REHESTRNERWNKN—BRLEENM - RE
FEERRFELIER » MHERAT R R R RIS M R B K 80~92 % » FTRBRAEVAR
B{GrERRE E AERY 69~85 % » BEEREMILE » MIUREHEREZILERE - BX
TR B BB » EREARSR LI » AT B HERR  EWHERBEE
B389 kg/ha. day » FRRTERREE 6.4 kg/ha. day » FEHRIE Z @ INTERE R
 EEREREN  EMHRATERRFRRTERNETZRH LANEE  BEREE
FEREMAIS MERER » BRMBEARRBERNEMERTES » ERREFRERER
AR BEFERRETEGGT » BETZRSE TR -

BB  TK - RBEE - BRAER - CWHEHRR - BRER -

TER BB ERREREEYVINNG - MEXTS » FEHMLRTERUBER BERSE » Hp
BT EEBAER VRIS SRR R EULEANER R R E L I EE RS E
ot - MEBERRBE XGRS - MERNBRSHRRMNSL - BRETHNAESEEHYE
ﬂ[gigﬁ(&l&lG) °

EREBRERVNZMECWEOEERE - TEZRPEERIEE - BEHMEHRMEUE
ERFEFZWEE > Williams et al. PUABRBRERE TX » BHEHRMHN12B0EDERESE (
crop growth rate) AJ&& 520 kg/ha. day » EUREAEBRNWEHEEERD - —BTES » EXEH
MY E RRRERRPAHRBEMERZ 40~50 %% » BEHERRBNTHEEEEEES |
Edmeades and Daynard SR EKREHRAERERTER - EHHHEEBRENEERISER
KETEREES » RISHRRSM TR B H BEEBI& - Hawkins and Cooper™ g EREEHRE L

1 WA RREERT WIS 1766 5t o
2. AFTRERYE ~ WEEMRRARA - B8Y BPH S
L.AFRGEEENE BEE HPH BB
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HaHA (tassel initiation) BH-AHIZ RIS HKERREE » TREESENEBMIERBFRER -
HA » KRAEGEEBAMESEREEETRER VR TR ARRANRHHEY » WEREH
BHEM

FRIE AR ERY T RN ThEE R HER » Hanway V45 HH& I 2 28 B NI R R 5asT
SZERBET SRR B BNT0%E4 » Schrader ™4 % BB R SEBRKERFEL AR E
ERRH SRS RERRE » BETEEERNB0%L L » EERSPHMEGRBREEES
BT o BRERESRERVFRARARNES » BRWERTEEZMERVIIMR"
BRI AT SR AR A RN » IR AR E R R - IR R AR - EMIEEER » hEEEXK
A AR B ERBTE®

LEEMEXREREENAR  SPREMMBRFRARPMOEER » WHiIERERZHTH
HRBRZEEEY » ANHERNHELRRZ - XHAREAEMNEERESMERER—RRME -
PSR BERE > RERERER PRI KHINEEIE - SMATEYEREERARMER - BiTER
R > ISHRERTHSICERSENNSERE » LERBRTENIRGESRBEHRE o &
TRAUH AU SRERBEREE » TRITEMNRERE RS XHRE -

HEREE

DA Z ROk AR B S — RS BRERATE » 12 1991 K 1992 SRk R B B REBRFT BRI TH
RIEAER - MEEZ B RIS AISIH20HE29H21H ; RIERIFIRAR » LHAHEE L » 199245
TR pH EE 5.8 ERESES 2.0% » CEC & 9.7 meq/100g » BB ETE %M
$RZ BRI 28 B2 133 ppm » SHBRAKERBRIRE S FIR 17.9 82 22.2 ppm ©

KRERRAREEESER » TEYES Som o 1915ERBRCHRESR=ME > A 11-228 4
cm > S AEE 121,212 ~ 60,606 £2 30,303 £ © 1992 AR Z RES S 11 82 22 cm FE » Ff#RE
5 11 co/NEZAEMAERESI0E EXREFTEHENIEN - BIEEREMS LB O TR » SHERE
£ 22 cm o REBRRAEMTELEERE > NES 81TE - TR 8 m» BRI 4K - ARKRIIR 200
kg/ha » P:0s AR 90 kg/ha » K:O0 FIEE 100 kg/ha » JERHEAH A2 RHEREETEREEYZ
FAEE o

PHERREEESN - N~ + 2R AR R - 2BEETIE » BREE—/NEERERE
8~12 BB » EASERRER » M ER A SRMIRAL « 402 R AT 80°CH
MRS 72~96 /INFf - BRREZYE » FERIR40EET (mesh) EE¥ » LI semi-micro Kjeldahl Fik#l
ERFBE  LRFRBEREVESRBEEAERRE  UHESEFTREBCEYHARRREHE
Ao

KRBT ESEB RSB A 247 » 2L Duncan’s New Multiple Range Test 2 7R M2 2
REEE -

B R

1991 £EEABRIRIRA 11 ~ 22 B 44 cnZARFEREE - ER M IRERELETESR/\EHR - R
~ RRRERCEREENSRREZR | BT80N B (R 44 cm) BREZEERIERHE
R EZAE AR R » (EHEBEREE 22cm REEMIZMERINAE » B+ AIEHMRHIR - BB
EREEHCHEER - EORERLSREME (BREE 11 cm) BEE (&) -

1992 FHABRRIRA 11 & 22 cm RIEAREERRHE - fERERRA B BHERE S LIAIIRT S » HFER(7 11 cm
PREEZ/NER IR » S@ABREEE 22 cm - AEIFREERE - AESTEERR PR EE B ERE I
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WHRRRARE (K1) HA5REE 1991 SE5ERAE0L » 2255/ \ZEHILUN 3: K BER AR FSME - 55
TR E R Z A RIVRRILIEE (BREE 22 cm) BREBEEE o MOMERESMUIAHTEITRIR Zam
PRI H R REES T IR AR B R AR » (HERI EREREHEERT
TR E% (K1) -

R1. BETEHEXERIVERERERVENEZM (z/plant) WEE (19915219924 5K(E)

Table 1. Plant-spacing effect on the dry weight (g/plant) of hybrid corn Tainung No. 1 at different
stages of vegetative growth (fall crops of 1991 and 1992)

Plant Within-row Growth stage
art spacing® P
p (cm) 4th leaf 8th leaf 12th leaf 15th leaf Silking
1991

Leaf 11-11 0.10 a¥ 1.56 a 6.08 b 17.72 b 27.14 b
blade 22—22 0.13 a 1.64 a 5.99 b 22.21 a 34.21a
44—44 0.10 a 1.53 a 6.99 a 21.40 a 36.52 a

11—11 0.05 a 0.53 a 3.00 b 12.01 b 4787 b

Stalk* 22—22 0.06 a 0.61 a 2.78 b 1492 a 60.44 a
44—44 0.05 a 0.60 a 373 a 14.35 a 63.58 a

Whole 11-11 0.15 a 2.09 a 9.09 b 29.72 b 81.11 b
plant 22—22 0.19 a 224 a 8.78 b 37.12 a 104.57 a
44—44 0.15 a 213 a 10.72 a 35.75 a 116.12 a

1992

Leaf 11-11 0.36 a 3.76 a 8.48 b 16.81 ¢ 2237 ¢
blade 11—22 (0.36) (3.76) 9.66 b 20.10 b 28.84 b
22—22 041 a 452 a 10.62 a 24.89 a 34.78 a

11-11 0.15 a 2.08 a 437 a 14.62 ¢ 42.25 ¢

Stalk* 11—22 (0.15) (2.08) 521 a 17.30 b 60.14 b
22—22 0.17 a 244 a 5.07 a 27.86 a 72.23 a

Whole 11—-11 0.52 a 5.84 a 12.85 b 3143 ¢ 64.62 c
plant 11-22 (0.52) (5.84) 14.87 ab 3740 b 88.98 b
22—22 0.57 a 6.96 a 15.69 a 52.75 a 107.01 a

* Figures represent, in order, spacings at planting and tassel initiation. Between-row spacing was 75 cm.

¥ Means with the same letter within a column of a specific plant part in the same year are not
significantly different at 5% level by Duncan’s MRT.

* Including ear at silking stage.

F 1 RARHFIREUR » 2R TRMEARI S 2 B AR B SRR » 1991 4EBABRMEES 11 -
22 B 44 cm ZfEREEDRIR 81.1 ~ 104.6 K 116.1g » BEARESHE < RHETIF-5 o 1092 4F 5080 = Bl
RUBE 1991 FEHREREE » BREE 11 cm RESAH 64.6 g » HKIE 22 cm IRES & 107.0 g ; ERHME
SLIRRITRHUE B AR » FEHARE 2 2B ER 89.0 g » M EMBRIRE 2R » HERIGER
HKHE o

ERERNEFTTN » BB AR BN > 1001 4 585 IR TA2BE M 10 mg
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» BN\EHRR TSRS 100 mg £4 > BREEREMYEFEEER (R2) - BHITRHZER -
RBEREHRARERBURGEREES » BT AR EHERERE - WA Z SR AR R
BABAEZ RS ERE R HREE 11 ~ 22 B 4 e ZERE 2 FIF 1,671 ~ 2,278 K 2,613 mg
) EREYFHEKEE (R2) -

¥2. BRETEHNERER]1VEKRSRERNAREN (mg/plant) KEE (19915819924EFK1E)
Table 2. Plant-spacing effect on the N accumulation (mg/plant) of hybrid corn Tainung No. 1
at different stages of vegetative growth (fall crops of 1991 and 1992)

Within-row Growth stage
Plant spacing®
part (cm) 4th leaf 8th leaf 12th leaf 15th leaf Silking
1991

Leaf 11-11 5.1 a* 75.0 a 2358 b 558.7 b 979.8 b
blade 22—22 6.7 a 774 a 2418 b 749.6 a 1,266.6 a
44—44 51a 72.3 a 278.7 a 726.2 a 1,385.2 a

11—11 2.0 a 243 a 103.6 b 272.3 b 691.1 ¢

Stalk* 22—22 25a 28.6 a 102.9 b 361.9 a 1,011.1 b
44—44 2.0 a 28.6 a 128.0 a 366.6 a 1,228.1 a

Whole 11—11 71 a 99.3 a 3394 b 831.0 b 1,670.9 ¢
plant 22—22 9.2 a 106.0 a 3447 b 1,111.5 a 2,277.7 b
44—44 7.1 a 100.9 a 406.7 a 1,092.8 a 2,613.3 a

1992

Leaf 11—-11 184 a 1232 b 2575 ¢ 498.2 ¢ 796.3 ¢
blade 11—22 (18.4) (123.2) 304.8 b 604.3 b 978.5 b
22—22 20.6 a 156.4 a 3472 a 798.3 a 1,153.4 a

11-11 6.3 a 62.1 a 1144 b 191.5 b 404.7 ¢

Stalk* 11—22 (6.3) (62.1) 136.1 a 315.5 a 716.9 b
22—22 6.9 a 64.9 a 144.8 a 364.0 a 825.4 a

Whole 11—-11 24.7 a 185.3 b 3719 ¢ 689.7 ¢ 1,201.0 ¢
plant 11—22 (24.7) (185.3) 4409 b 919.8 b 1,695.4 b
22—22 275 a 221.3 a 492.0 a 1,162.3 a 1,978.8 a

* Figures represent, in order, spacings at planting and tassel initiation. Between-row spacing was 75 cm.

¥ Means with the same letter within a column of a specific plant part in the same year are not
significantly different at 5% level by Duncan’s MRT.

* Including ear at silking stage.

1992 SERABRFTRST I ERAERR - ZER RS\ EHRRMO AR BE R 1991 EXRAEREBIE
o HHAENRRESBRRE 1991 £EREBE (R2) o 199243 ERDES/\ZBEHRE AR 5 B kR IE R
REHERRAMBYGHEEE BRE22cm) B XRZARSBECREMAIMER - B+ 28
B KABERREERSERS BARNES » MHEMSLRITHRRE B AR NE
RIS ek ~ BRI EZ M o HARIREE 11 52 22cm MR E RS RIS 1,201 82 1,979 mg
/plant » {EF> 1991 F£RBRFT AR » MAHRERAELS 1,695 mg/plant (F2) o



30 TEREMR F M B E 1Y 1995

RERERERETHSRWEKER  H—RSEEE+ 28 A-RA8+ R »
FfEREB £ 7 B R E E AT » EESHESE » 75 1991 5 1992 4£RiE 715 35 8 38 H
P BRER 28R 27 H - BREHES —RENETRARER AR EYERERBESEE 8
BT IR EATOSR £ RAE R A o MRSRRHIMN S = 4 BT SRR B B 4%
SRR R AIELAE » DAZER ERAIBE - {HIRLE 62~83 %2 ML L » 1991 sEERER A BR RS2 A E s
R > HRBEEL 1992 FHRBRKIE - F— £ B RBRRRNLRRNE YRR SIS » (5
FRRZYIRET 90 S0 L) b2 SRR I 95 9% W 4E B o MY R BLB S AR E » KRBT I TR ME o SR 2 HETTT =
» BERRES AR PR B — A H RS - (A T G S s R R 80 %0 L
» B 1992 £ BABREREE 11 cm BRERAYLLAEEFARREE 22 cm BEERSL » HAt M SRR 22 AR AR (383) o

3. BRERIVEHRDE+ B EHHREE R AR AR A SRS B2 I E (%)
(19918219924E 8k 1)
Table 3. Ratios (%) of the amounts of dry matter and N accumulated between the 12th leaf
stage and silking to the amounts of dry matter and N accumulated at silking
stage for hybrid cornd Tainung No.l under different planting densities
(fall crops of 1991 and 1992)

Within-row Plant part
Item spacing®
(cm) Leaf blade Stalk Whole plant
1991
11—-11 77.6 a¥ 93.7 a 88.8 a
Dry matter 22—22 82.5 a 95.4 a 91.6 a
44—44 80.9 a 94.1 a 90.8 a
11-11 75.9 b 85.0 b 79.7 b
Nitrogen 22—22 80.9 a 89.8 a 84.9 a
44—44 79.9 a 89.6 a 84.4 a
1992
11-11 62.1 b 89.7 a 80.1 b
Dry matter 11—-22 66.5 ab 913 a 83.3 ab
22—22 69.5 a 93.C a 85.3 a
11—-11 67.7 a 717 b 69.0 b
Nitrogen 11-22 68.9 a 81.0 a 74.0 a
22—22 69.9 a 825 a 75.1 a

* Figures represent, in order, spacings at planting and tassel initiation. Between-row spacing was 75 cm.
¥ Means with the same letter within a column of a specific plant part in the same year are not
significantly different at 5% level by Duncan’s MRT.

R+ IR M 258 = S EREBUAR » F AR T R A IR S (GRS B
75 %680 L - MEMETE » 1991 S ABRIEH TR BMAUE BRI HEAIZE S RS By 77.6~82.5
% > RERRZER | 1992 FRBAHMEBIE » £ 62.1~60.5 % » FHEEELERENHE (£3) o
TERRE » B BB A R R AR & TR H B2 B » BRI B
SIRUTES 85.0~89.8 % B 71.7~82.5 %2R » 1L 1992 4 7 BL{EHEE » [ T HERE 11 cmiE BHY ELEE
1854 » HAtRBMZE RS TEE (#3) -
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EE-BTEGERERETHNERERRE  BE+"HHDERNERBRTRE » it
—BRRATHFRARFSER FUR MR o RATEER » 1991 FRBRBERT » TRAEMEREE
PRI IR B EEM AR » MEARIREFEESEEVEE - i A EREHNEZYE RBESR
TS BEE (BE1lcm) BREERESENENHERS 1.3ke » ENAE+"EHR 84.9ke
B+ EAIENPEINE 208.4 ke » MHEARTE BN =ZE 389.3 ke » FREIREBELHF5H » RIME
Wi B AR ; BOAEAYRIEMRE (PREE 22 # 44 cm) E/EFHEMBREMTAEE > (B
B EEBEEEZ NSRBI BEEEREHEREE o

1991 FERBPHEKEREFTHNRRZRERERFIIR RS - ERFECYERBERHER -
BEBEEZRWAS  MUEHEREEPHERE - 75/ ZEHLRT » TRREEEMA » fRAH
HBHIELL 1 kg/ha. day ; EFEEGT » B+ IR RRRTEEMERR 5 kg/ha. day M E

» HRRRTR ZERVHARISR RS » £ 6.36 kg/ha. day » F—HARIEREE 22 SR 44 cn R E SRR 4.42 &
2.88kg/ha. day (F4) o

x4 BETENTKRERIRESRERNVMEYERAARMEE (kg/ha. day) HEE (19914K{E)
Table 4. Plant-spacing effect on the dry matter (DM) and N accumulation rates (kg/ha. day)
of hybrid corn Tainung No.1 at different stages of vegetative growth (fall crop, 1991)

Plant Gwowth stage

e 0—4th 4th—8th 8th—12th 12th—15th 15th leaf
leaf leaf leaf leaf to silking

Dry matter

75%11 1.3 a* 214 a 849 a 208.4 a 389.3 a

75X 22 08 b 113 b 39.6 b 143.1 b 2555 b

75X 44 03c 55 c 26.0 c 63.2 c 152.2 ¢

Nitrogen

75%11 0.06 a 1.02 a 291 a 497 a 6.36 a

75X 22 0.04 b 0.53 b 144 b 3.8 b 442 b

75X44 0.02 ¢ 0.26 ¢ 093 ¢ 1.73 ¢ 288 ¢

Ratio of DMA/Ration of NA

75%11 213 a 210 a 29.2 a 42.0 a 61.2 a
75X22 20.6 a 212 a 275 a 36.9 b 57.8 ab
75%44 219 a 211 a 28.1a 36.5 b 529 b

* Means with the same letter of a column for a specific item are not significantly different at 5% level
by Duncan’s MRT.

1992 FRBOTHRENERARRARERRHR (R5) - BHRFR 1991 £RBHER > 7F
BN R BRI Z LR » DUIBSEH S AR » A (BREE 11 cm) BREEREE
($RBE 22 cm) RRH | PEHERESMLLASIR BB T AR - 0B BB R A R - e R
RERR PP B HRERENES  BES ARSI M2 REREFEAYE - £
FRMEIAF B 2[RI EEEK » 1992 SEEABR S8+ ZE A LIRT AOBE | R B AR 0R 58 /\ SE A LART AY 30 R bl s
» S 1991 SEABRER - B+ MBI M - WERRRRIEAN KB 1991 £33
BATRBUERE (R4HK5) o
E-FHERRERZYERRERR AR APERNIE » BEKERS 11 R 22 cmREEZ
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W > EREEHRNS LTS MEEER  EANBISE 1991 £28 B+ AEEH - 5 1992 2
BAE+ TR SRR EE N T R RN RS RRGRE (R4EES) o 1991 SRR
PREE 44 cn B B R ES T 2RBHNR - HEVHERRRZBERN I EEERRTHEERE

(R - BRERREREMORFEEST » EEFIREREWHE - 1992 £RBIHEME bkl
HREPREEE 11 cm $@I0E 22 cm#R - EHREVERARZRERWILER S+ E+HERRE - B
FERARRTHIRERTHRA » BHEMRREEEER (K5) -

®5. REFTENEXERINERERNMNEYEREREATESE (kg/ha. day) BBE (199245 E)
Table 5. Plant-spacing effect on the dry matter (DM) and N accumlation rates (kg/ha - day)
of hybrid corn Tainung No.l at different stages of vegetative growth (fall crop, 1992)

Plant Gwowth stage
Rl 0T4%h 4tl;—?th 8th1—1f2th 12t1}—-%5th tlstr;l 1l(¢;af
€a ea’ ea ea 0_SUKIng
Dry matter
1-11 42 @’ 430 a 106.2 a 187.7 a 287.4 a
11—-22 4.2) (43.0) 68.4 b 113.8 b 223.3 b
22—22 23 b 258 b 66.1 b 187.2 a 2349 b
Nitrogen
11-11 020 a 130 a 2.83 a 32la 443 a
11—-22 (0.20) (1.30) 194 b 242D 3.36 b
22—22 0.11 b 0.78 b 2.05 b 339a 354 b

Ratio of DMA/Ration of NA

11-11 21.0 a 331a 375 a 58.5 a 64.9 a
11-22 (21.0) (33.1) 35.3 ab 47.0 b 66.5 a
22—22 209 a 331 a 323 b 55.2 a 66.4 a

* Figures represent, in order, spacings at planting and tassel initiation. Between-row spacing was 75 cm.
¥ Means with the same letter of a column for a significantly plant part are not significantly different at
5% level by Duncan’s MRT.

FRBAEEIERE » DARAEEREEX » SAEBEEM 121,212 4 » HEEEBES » ik
BRI ALARAE R AR (19914F) BREIRB1~2H (19924F) » SEFEEEIR » TRES BB SRR
REREZTH (barren) PEHH™ o 1991 FEMRIERS 11~ 22 R ddom B2 FRIERSIE 9.23
7.44 % 5.35 mt/ha » 1992 FEBREE 11 B2 22 cm RIBZ AR 9.05 52 7.56 mt/ha » FHERESM LA
WEEPREEE 11 cm $EA0% 22 cm » FAIERRS 6.76 mt/ha® » FR BB ERHEERE 2 TR
o

TEIRERR A B AR RIS (leaf area index, LAI) » ENAIMESERRIAE B » ARER
FEREHRERBERIPC EREBRE  EREEERB MY EESER » FEERES AR
MR HRIIEER - FEFEMFIANREE® » B—FEETEE— R TRE S N » R
RIRFDZBRRASEREEENTYE (R (MRS BRI ERERES EKEE
R REMEREEREE » £+ LSRRI R » ERNSy g PHRELFHE
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BEE (1) - RAKECHREERSER  EREROFEYEREEAGRUATHEER S
s AR R BRI (R45885) - BTN EBPRERRAR - EEREBITRERR
st B R BB T o Tetio-Kagho and Gardner"®$gH7EER I BIZH (critical LAI)
Py s FRAIETRISE ~ RIOEEER BOLA TEFA B Z M 2 EARMR 5 Williams et al. P UEAEHESE
70 Bk BEBERE X » FIEHMERNE12H 2 /FY 4 R E 520 kg/ha. day » EREEBE
B R 1SHUEIE T » BERIBFI{LEES (net assimilation rate) T (EREWHEETNE - UK
EHEE (optimum) FEERIEE o bl w B R E R TR AR AT TR TS HH
R AEER » A NESHEREIERE » ATURFIRERERRY - ARRRAZEREE
RESGAFENIEE  RENIEYERERHEREMIT—EAN (389.3kg/ha. day) (F4) -
BETRETHEGET » BE—RERSEDEEMEREENERRE | 1o SRERRRE PR HERER
188 > ESTERE RS RESERENEYE RRBABMLER - THERIIGREDRER -

BB T OREREREEH R - S R R AR A B R B R R R R R A
EEER > BMETANRIZE  BNEMERER RERZ MO AT » MITERBNRHET
EESTE » FEAE RS SRR E BRI - BB ELSHREENILE » F191FRBREHE/N\ERZ 73
U ETHE B A2 32 % A4 » TE19924E 35k B SF N ZEHA 2 70 %REZE A Z 33 % - BB+
EHEH A EYEEMBER (£3) » HPSE+-EHESEHAEPNERMERBAUR
F o B+ AEPEHMERINERTMERE (K] - BERENERBERN o T RERAERMIALINT
BERABIEREEBRALEY > TUSFRAREE—EWERY » FHILHME TR » L
HEHSHTRE » S EXRERRARBITER AL SRR E B

EXRESRERPMOAR RREGYE RHEME —ENMRY » EREEFIHNEARRER
BRI » S+ EMUSARRERZIHEE - IR R > Y EAREUEHELRIR
B (32~ 4835) o Russelle et al. “HEAEEKEBEERE TR » FRET"EHERMHNAZHE
R EEREAES » HEYETE 92 mg/plant. day ; AXRERBERE (BREE22cm) 7EM:ARETHIR
BRI ERUHAS 72.9 (199148) 2555 (19924E) mg/plant. day » 1991 FRERR R EN AR
FHHEELS 95.0 mg/plant. day » —MTIE » BRusselle et al."¥Z HERRERIZE » [EA7EERTEE
B o

TR B ERERET PN REARNEERE » SWR2ER  BAEENERER » ERE
ERBUBEHRZ 15 % » HIEZW TR » HARARITE 55 % LA L » BEEBERATEILERSE o ik
RS » BE AR SRGEGARES AR ZHARUFHEERRIHEER » MERIMAAAHERIRE
BEREFHEGHT » ARV MEBEAEPRERWES » BEMENWRETHEHER - Hanway "
HHS LRI RS AR ES MY AEENERESR » HGRERREAREBE TRRT
s BIDIRRRSERIES - EHHERELE » ARRBEERLAIERNARSBEEERERARSE
s PR EHIMNERERETHTRE » [E5EE ; ¥ Beauchamp et al YRBERIMER
HEER > BRIMENRTEREE

Russelle et al.**#§HHE+—EHEHMAS SRR E RRARNWERRY » £HARMESHEED
FER (F2) o MLHMAAORGERN RAREERE (RIUAKD) ; PRETEREMILE » #RR
MEEAZR - ARLERRENFEEFTRZEMMNRE - HEBATRHERE - REREHRETRLE
EREERATRIKAERE » ARSI SR EESERTRO | L1991 FEREBRSF » PREE 11 -
22 B 44 cm BREAESTZIELNT (BEKSH) EERKHRARESFIS 41 21  12kg/ha
B+ EHEN T (BR28H) 4318 161 ~ 117 K 67 kg /ha » FREBEZBHAMRAEZER
BESHIMREZ 20 %AEA » F IR E B i RSB S » LIRS KA AR R E R A
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B fEBFLUER o Russelle et al."ERAPBEREAN ~ /\B-HAZEHIRIA FIEKHR - BIAHE
DEE (180kg N/ha) » TREBABKIER (fertilizer N) AR LAMEHESR RS » AOMELIERAE (90
kg N/ha) » RURBERMBERL R HRERR | REEASENEIE SRS ERREE - 5
BFRARRARRMBRIEES - B—75H > Bullock et al. @ H WAL S8 RRY - i RANEE S
FREAARRMEVE R FHERNREE - TREIRE - BATREIRMAEE RIS 5 %80
REERR » (EARERAFE R — R R MBRARRUEMOER - RELWIFHRR - A TH
REBHABRAARE » RELAETKNZAERR  FEPREEERELRBERE

FHBEN PRER—REBEEHHANCEMERARZRERRE  UREREEENR
FE - BHES+ LR - EWERERR TR » WHHARNEZ §if B2 5 - &
BB RRAE REE\FEH DN AR - (AR R DR+ SRR e <~ iRy B
ERCYHRARRARE » EREERERNN  CVEREARZREREZREABOERUT 2R
BEERE - RXERES T ZEHEHANRARNEARE » SHMHS RE9 80 % L 5 KA
S+ FZE B ARSAT RO R N AR & R A 50 %60k o RTLABEES BT AT HR R B A A S e
HUERID IR

M

FHERREZREGWY GIRE—12.2—MB—47— 3 RS2BIE—2.1—B—33— 3) - EHH
E o

51 AR
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The Effects of Planting Density on the Growth

and Yield of Corn
I. Vegetative Growth Phase'

Meng-Li Wei?, Lit-Fu Chan?, Yih-Jan Jiang® and Dah-Jiang Liu?®

Summary

Information pertaining to the growth characteristics of corn during vegetative growth is
limited. The purpose of this experiment was to investigate the patterm of dry matter and N
accumulation of corn hybrid Tainung 1 from sowing to silking and to study their responses
to plant spacing treatments. Field experiments were conducted in the fall crops of 1991 and
1992 with a row spacing of 75 cm. Within-row spacings were 11, 22, or 44 cm in 1991, and 11
or 22 cm in 1992. In 1992, the spacing was altered from 11 cm to 22 cm in part of the plots
by thinning the stand at tassel initiation. The effects of plant spacing on dry matter and N
accumulation were not significant until the 12th leaf stage. From the 12th leaf stage to
silking, the proportion of dry matter and N accumulated by the leaf blade decreased while
that by the stalk showed an increasing trend. During this period, the amounts of dry matter
and N accumulation by the plants accounted for 80~92% and 69~85%, respectively, of the
accumulation at silking stage. Dense planting resulted in lower ratios as compared to other
treatments. The growth rate increased continuously and peaked as the plants approached
silking. The highest accumulation rates were 389 kg/ha. day for dry matter and 6.4 kg/ha.
day for N, and decreased with decreasing population density. During the entire vegetative
growth phase, the ratio of dry matter accumulation rate to N accumulation rate increased
continuously, however, no significant difference was recorded among plant spacing treat-
ments. This indicate that the amount of dry matter accumulated per unit of tissue N was
different according to developmental stage but was less affected by environmental factors.

Key words : Zea mays, plant spacing, vegetative growth, dry matter accumulation,
N accumulation.
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BRI KM RERSEH TR ERERPENRE A TS R > Muldoon et al."O#5H %
BER (BEEHL) SEFMEEEXEHEEEMN SRS KEEERESER B ;
Corke and Kannenberg™AIB#FHIIE & FXEITHER » REBROBREEBYTTLUSINFREE »
BARERE ; (ERMFERRL RGN ERE RS ERRIOFELI/ER o Schoper et al. VREX
BRETNATHIRBRER » DUGKEIREES » BHEHMN - E=BREs Sk TR EIRESR
HASHISRERETZRE » h—REARTERERNEEY  EHRENREEARESEDEY
2 WAL ERERRBNEERRE -

FHRRA EMERERRE REER BB - MM R R » SRR R
ATANEYERZRRRES » BEHMEBERERNITRE » @BBERRANRBESET » 1
MENERERBHBRRFRNERY TEGREEERAY » BRY PR ETREBREAT LR »
DURABMRBORERERRA S A » SEETRRENRE  ERRREEP R R — R R SE
HEEREERE » RIRHERE - DS S RSG5 RS S SRt - geiapt
BRENZERR -

TR E %

DS TRGEER IR > 15 1991 K 1992 SFFKE1E 214 R S SR ER A I8 T RISt
B MEZHEENSAIR 9 A20H8 9 A21H ; REMEYSAE » LESHERT » 199245
TR pH R 5.8 AMEARE 2.0% » CEC £ 9.7 meq/100g » AR BT T
SIRUE 28 52 133 ppm » SEER KSRELIE RIS SIS 17.9 2 22.2 ppm ©

HERMRRARSEERRE » THEYR 5 cm - RESSHE - M 11512 cm » 3EAE 121,
212 5 60,606 £k © 1991 SFEABRFMEAR LR EH AR » MFERAHRES 11 cmZ/MERR 22 cm > &
FHRMERE | 1992 FRBRERERI0E BRETEEAIY » EEEREMS LB B H 41
R RREITERI91FEARRIRIRIHRRIE » XA RIS 22 cm /NERIRESHEE 4 cm

 EEAEARB 30,303 # - ABRAERELEERT  NESSITE » fTESm » EH 4K o
MEEABRZIEH &9 200 kg N/ha » BAESESTILAEE 90 kg P205/ha 2 100 kg K20/ha » JEk}
Z BRI 75 B IS B R E S PP o

1991 FEBERMHFRHREE 8 ~ 18~ 32 ~ 4968 H EiE » 1992 FEREBPHAREBE 248 &
65 EHENER - {EEf 1991 FERABRE BRAT BB M » A& T TR 7 B A PLEY S MRS LS 1 1992
FRBERRE - BRIRREENEEEEN 8 ~ 12685 » BASER « R - 4% . P
BFRIFEAL » 1032 G MR TP N80 CREM B 572~ 06/N » FRERES TS » F/S4S40HES (mesh)
FE¥1 > LA semi-micro Kjeldahl J5ik#lE MR » LIMRMBE REMEY RRE A REME »
SRS EERERCEYERARETEE > KR Moll et at. " Z ERRARTFHARF U (
N use efficiency) RIEMRETF o XPRIAER0EESRS » AETHERHEBRES o

BERFT R & HR RSB 547 » AL Duncan’s New Multiple Range Test SRR =
REEEN o

| R

1991 F BABRIS TR AT ARIRARTE » ISR MEARAREE R 11 cm J8AZ 22 cm » EnEfkGE 8
HE— RN - R RMRE 1005 g/plant » FHHERERRERE RAEBAIAENE
22 cm HREZRE (129.3¢/plant) » HERPMN - BAE 2 EMEIERIENEE . (=G
fERE R R RAEEEAYE (1) o 7E 1992 SERBRATH » S M B S R €73
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B WUERERE - DUREEAAUE 11 cmz BEIE (BREEMSR11-11-11> R¥ 1) RIE - 85 64.6 g/
plant » BRERFREEE 11 cm » (EHERESUIAIARIMRERIES 22 cm ZPEE (BREEFUIR1L-22-22) R
(89.0 g/plant) » BIBMEVRIESHERS 22 cnR 3 (BREEFUSR22-22-22) B » P 107.0 g/plant
(F1) o ERPUER » RBBEQOIERRIEEIERE  MI-11-11FEEROSHREERIE - itk
HAKE 22 cmREERIIRE M4 cmZ R (22-22-44) B BEFEL—HIMEY B RRERIHAY2.
38 ERHABAAPRIEEAIER 22 cm M= > 11-22-22 EHSHREKERER 11 cm KR
22 cm (BREEMRSR 11-11-22) WIREEZFIMMEREZER - HBERR 22-22-22 E# (F1) -
FERABERPB AR RPN R R S B MEERASIRE 1 » RERESRF NG HRIME
J0L - 1991 SE RBP4 E25E 8 HIVATRER - BEMERR (BREER 1l cm) MRS REBEFEREK
FiEfER (BRBE 22 cm) » (BEERPUIAIMRE 2 - 1092 FRBHAEER S RROBEIREF
T 22-22-22 ~ 11-22-22 B2 11-11-11 k5 » BRBIADIL 22-22-44 BRER & » 11-11-11 BRERIE »
HiBERREZIAME » BREZMERTEALE | HEMRRIESHER 22 mN=ERENE - HE
REBAP EAMEEZE » EHEROERRIREREKE (1) -
®l. RETEHIRER—REWE (DMA) 28K (NA) RRRTFRERMEREEE (19924K1F)

Table 1. Effects of planting density on the accumulation of dry matter (DMA) and N (NA)
and yield characters of corn hybrid Tainung No. 1 (fall crop, 1992)

Within-row DMA (g/plant) at NA (mg/plant) at Kernel 100-kermel Kernel
spacing® no. per weight yield
(cm) Silking” Harvest Silking” Harvest ear (2) (g/plant)

1991 experiment
11-22 100.5 b* 2489 a 1,779 b 2,834 a 557 b 226 a 125.8 a
22-22 129.3 a 2639 a 2,403 a 2,992 a 605 a 216 a 130.7 a

1992 experiment

11-11-11 64.6 c 1519 d 1,199 ¢ 1,690 ¢ 340 d 220 c 747 d
11-11-22 (64.6) 232.7 ¢ (1,199 2,510 b 436 c 270 a 117.6 bc
11-22-22 89.0 b 2217 ¢ 1,696 b 2,568 b 504 b 221 c 1116 ¢
22-22-22  107.0 a 255.9 b 1,981 a 2,861 b 487 b 25.6 b 1248 b
22-22-44  (107.0) 308.4 a (1,981) 3,645 a 579 a 271 a 156.7 a

* Figures represent, in order, spacings at planting and silking for 1991experiment, and at planting, tassel
initiation, and silking in 1992 experiment. Between-row spacing was 75 cm.
¥ 8 days after silking for 1991 experiment.

* Means with the same letter within a column are not significantly different at 5% level by Duncan’s MRT

1991 AR E R Z Y TR EE BARE » BEPRIERARTIOBRBE 22 BIES 11 3R 22 cm > {HANR Ak
FHFERIPREE (22cm) - RIFRERNMEREZR  MERENTYEREMR » BHMITRES
llem REMTG—FENBRIEBRENSESE (F1) <1992 FHREBHWEKRTHERURHES 22-22
-44R B - REHZ 11-11-11 BERE » W& AR 156.7 K 74.7 g/plant » Eh B I —RRE
TREARTE R o LB R BRER AN 22 con U= (IR » 22-22-22 REAY B Rk EE R AT 11-11-22 R
FE - HREE 11-22-22 BRE ; BHAEERER 11 cmRE 22 cm » H—MRERD - HFY
BNEARSE (1) -

FMIST 1992 FHRIKER AR BEETR FRARBMOEYE ZRRERME » HERTIRE
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2 c ETRATYIM (kR 0~24R) - WEABEIMENTS 52.5~78.0 g/plant M » KB
REEEZRE  ERFHEERS 11-11-22 BE » EHREHGINEYRERE  BEHKES 11 cmi
RZE 22 etk » FU@IIFERANRE o TR 0 ~24 B M RREYE » T EEH
R » ESBRET » {—P OB TR » — PSP EIERME: ; 8 11-11-22 REFS—FI5
» FTEIMKIRZEE 25.8 %A ERER (R2) » BTRELMEN TR AR » SRERHEE
HIFRFTRETT -

2 BRRIRBERETFRIEE Y (8524 ~480) DL 22-22-22 K 22-22-44 BRI E ke
HEERERE - —HTHERPFHARVHNRARE » 5—AHEGUER TR EEINE » IREIEE
EYHEENS - RN HEARMEINRE - 7£5HE (22-22-453) B4T » rEEwEN
BORER (stalk) K8 (cob) o HW=HEEMEHEYESERR TR ARIHSE » B
ARTFREZYERSINER | Fl—HM » BEMOEWEXRIBRRE » TEESHIRRENT R MR 74
REFRETROER (F2) -

®2. ERRTKEREBERTRAFRARBRSEWE RRESL (19925EKE)
Table 2. Changes in the amounts of dry matter accumulated by different plant organs of corn
hybrid Tainung No.l at stages of kernel-filling as affected by planting density
treatments (fall crop,1992)

Days Within-row Dry matter accumulation (g/plant) in plant part

after spacing®

silking (cm) Whole plant Kernel Leaf+stalk Husk+cob
11-11-11 52.5 ¢¥ 248 ¢ 55b 22¢
11-11-22 78.0 a 28.7b 20.1 a 292 b

0~24 11-22-22 64.0 b 30.0 ab 39b 30.1b
22-22-22 56.1 bc 32.7 a —8.8 ¢ 32.2b
22-22-44 754 a 348 a 11b 395 a
11-11-11 29.5 d 35.1d —1.1b —4.5 bc
11-11-22 433 ¢ 53.9 bc —49 ¢ 5.7 ¢

24~48 11-22-22 40.0 ¢ 49.0 ¢ —2.1 be —69 ¢
22-22-22 644 b 61.8 b 44 a —18b
22-22-44 99.8 a 85.1 a 7.7 a 7.0 a
11-11-11 53d 14.8 ¢ =79 c —1.6 a
11-11-22 46.7 a 35.0 a 8.6 a 31a

48~65 11-22-22 348 b 32.5 ab 13b 1.0 a
22-22-22 28.4 bc 30.3 b 0.3b —22a
22-22-44 26.2 ¢ 36.8 a —-19b —8.7b

* Figures represent, in order, spacings at planting, tassel initiation, and silking. Between-row spacing
was 75 cm.

¥ Means with the same letter within a column of a specific growth duration are not significantly different
at 5% level by Duncan’s MRT.

RPRFR PR » TRERETR IS RBI (Hh45548~650) RESWERRE » L 11-11
~11 ~ 22-22-22 $2 22-22-44 Z{ER I EIERA - HEARERENZ BB | (SR EHEmE 5 »
DURS HERE S 230 B A R PR R IR AR BRBE 22 e YRR (11-22-22 B 11-11-22) B (3%
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NIRRT » 11-11-11 52 22-22-44 JEFER TARIFCE R IR 2 bk B MR BE RIS B FREERAL - AT
DSRNE (R CENRESE  SERNEERNESN TRRARE (X2) -

% 3 AR B EMERSREERAFRARRBNRRSER L - FREMRFNHAAGSE - B
BERTARSEETHREZNSERE | HERBUERAN S BREREN LA » FRPEH
TR EREBGOBEASHE/D | PRSEAIREE2ZMHRARARER » LLTRRIHRT
W ERBERERENNRERE (R3)  EFRFIRIH - EERCHORREREREE LT
ETRHE ; HSBRETHNS » ACRERTHAEMNERE  HZRNFHEERRYIE Mk
SRR R S RFIRSEN » BB ER TR o PGB PREEES 22 con B =R 2 IE1T Hue
s AR S AR RENES 11-11-22 BE » ETHARIHNEARSREARATERS > Th
- BERMENARIARERE > MERBFESRENRERLRDN (&R3) -

X3, ER-BEAEHRSBEERTRFMNARBEZ ARRARBEL (199253K1F)
Table 3. Changes in the amounts of N accumulated by different plant organs of corn hybrid
Tainung No. 1 at stages of kernel-filling as affected by planting density treatments
(fall crop,1992)

Days Within-row N accumulation (mg/plant) in plant part

bs?lg(tienrg Sp(z::(I:Ing‘ " Whole plant Kernel Leaf+stalk Husk+cob
11-11-11 277 & 478 d —335 be 134 d
11-11-22 628 bc 576 ¢ —125 a 177 ¢

0~24 11-22-22 571 ¢ 670 b —287 b 188 c
22-22-22 641 b 79 a —414 c 260 b
22-22-44 788 a 769 a —283 b 302 a
11-11-11 192 ¢ 492 ¢ —149 a —151 a
11-11-22 388 b 754 b —189 a -177 a

24~48 11-22-22 91d 555 ¢ —247 b =217 b
22-22-22 8 d 717 b -313 ¢ =319 ¢
22-22-44 493 a 1,172 a —-378 d —-301c
11-11-11 2e 180 d —157 ab -1b
11-11-22 295 b 434 be —152 ab 13 a

48~65 11-22-22 210 ¢ 471 b —208 ¢ —53 ¢
22-22-22 154 d 372 ¢ —168 b =50 ¢
22-22-44 383 a 550 a —110 a =57 ¢

* Figures represent, in order, spacings at planting, tassel initiation, and silking. Between-row spacing
was 75 cm.

¥ Means with the same letter within a column of a specific growth duration are not significantly different
at 5% level by Duncan’s MRT.

R PR RPN RRAR » R EBANER (83) » 211-22-22 & 22
-29-22 EERE » F & 100 mg/plant » EESIESE » REMERHE - @AE ; BHEZ
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22-22-44 RENBRER  EFAREZEZRERRZEEYTRAEHZRARE - L—HKZ RS
BEREERMBNARSTEEERE  HRERAKESMHRERR M HREEEASE o Th
AR R BB AT - UBHHES 22-22-44 BERE > 32 1,172 mg/plant » 11-11-22
B 22-22-22 BREHK » BHERERE - ETHNAERTHY - 2AREREEEEERFRNOERS
RE > FHEMEZIE  BEEZ 11-11-11 BREWR 39 % » BEiiHZ 22-22-44 RIS 42% - &
REBRE 11-22-22 K 22-22-22 28 » 7£16% » AT (& 3) » ERBAIPEHOARMIRER
ERALR -

BRT 11-22-22 £2 22-22-22 RRRERS} » FRMERE PR B RN 2R AR E L RERERE (
#3)  BRPNARIHRPHLILE » HEER 22-22-4 RHHHRRSBREZ 11-11-22 BEER
FEMLRER - ERREN » TARMIEADRERARER - HEEROBY » BRVERESBNG
JENE/D  RIZEETMA MR TR c HEERRTFHNARREENEZR » B EREE 158~
261 mg/plant » LA 11-22-22 & 22-22-22 REMZREK o

MAERFHEREEANTIRERENLME (Gw/Ns) REFFZFARE » 7F 1991 F£REH
MERERREREER » 1992 EXRBUREMES 11-11-11 RESE (45.3) - BEHEiEZ 22-22-44
BERE (23.7) » HH=ERBCMAMEEER » HBUEFP 33.8~378 2/ (F4) - BEF
RZETESRAHREEARE T - RRRIERAE (RS R RS AR IEE B b » Nt/
Ns) » BEAZRAARE (FRERRERESEENILE > Gw/Nt) ; 1991 FREBRAE RIS
FIRBER 1992 FRBE BRI ASEYREFRHEER » 1992 £5BC RRBRRSENDEZE (11
-11-11) FRERBE » Bl (22-22-44) BIRBE » HAR =18 K Sk BRI 8 22 cm YRR A
AR 1991 FEHBBRER (&4) o

. BREBTEHTIRERMERFIAMERARETOME (19924EKfF)

Table 4. Nitrogen use efficiency and its component factors for corn hybrid Tainung No. 1
as affected by plant spacing treatments (fall crop,1992)

Within-row Components of N use efficiency”
spacing®
(cm) Gw/Ns Nt/Ns Gw/Nt Gw/Ng Ng/Nt Na/Nt Ng/Na Tw/Nt

1991 experiment
11-22 38.1a 0.86 a 444 a 67.9 a 0.65 a 0.37 a 1.76 b 878 a
22-22 39.6 a 0.91 a 43.7 a 703 a 0.62 a 0.20 b 3.16 a 88.2 a

1992 experiment

11-11-11 453 a 1.02 a 44.2 a 64.9 a 0.68 a 0.29 b 234 a 89.9 ab
11-11-22 35.6 bc 0.76 c 46.9 a 66.7 a 0.70 a 0.52 a 147 ¢ 92.7 a
11-22-22 338 c 0.78 bc 434 a 65.8 a 0.66 a 0.34 b 1.95 b 88.7 ab
22-22-22 378 b 0.87 b 43.6 a 66.2 a 0.66 a 031 b 2.14 ab 89.5 ab
22-22-44 23.7d 0.55 d 43.0 a 62.9 a 0.68 a 0.46 a 150 ¢ 84.6 b

* Figures represent, in order, spacings at planting, tassel initiation, and silking. Between-row spacing
was 75 cm.

¥ Gw : grain yield ; Tw : total plant dry weight at harvest ; Ns : N supplied ; Nv : amount of N in plant
at silking ; Nt : amount of N in plant at harvest ; Na : amount of N accumulated after silking ; Ng :
amount of N in kernels at harvest ; units are all in kg/ha.
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ERRFIFAREN - RERE T HE » PHERRTHARSEMIME (Gw/Ng) RTFRER
S BRAEES RRALE (Ng/Nt) » ERERROREMGKER (R4) - HERTEFR
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ZHAE » Tw/Nt) » ESHREMREMEA - EHENZRE 1992 £ 22-22-44 BRIER 11-
11-22 B (%k4) > FENSERENS » HkE—BAIRR SRR EERIRL » U2k
RERF HNARREHER o
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1991 4ERERIRA 11 K 22 conFRAEAKEESRRE » FOHEARAST BEER1A/ NEETT IR » EPRFEE 11 cm
HAE 22 cm » BHAEE 8 HE—REUER » MRETERVERERBEREEZR » HRMN
TEFRERNMR  ERHMECENRERSREREHERNVEYTEE (K1) <1992 F3X
Barh ok EM TR ERMBEEEABTRE - BAEEERREEET » EHREFTHEREHRR
B R B0 EER NS » BRESORIREER o PEERES LA RS S HREE R 11
cm MRS 22cm » SEBRE (11-11-22 ~ 11-22-22 Kk 22-22-22 » RE 1) EHMAENERERE
2B RPN TREREDL 22-22-22 B 11-22-22 BB (F 1) - 51991 FHBRAYEERELL
RIS R A R RN ERAER S T - #ERERFRR » HEKCHERARR
RESEZRE  EFRARSHSBBENRLEES » FRBEERRRE M EEREIER L
BO M RERS > (BHERITTHES ERTECE (light transmission rate) FREHIRERCY o

Corke and Kannenberg®#&H EREHMALRIMREEERENBRER » AILIRBRETF
P8 E TR B EEIE ;| ASRERFA S AR 5 R BRIEE 11 c3 K E 22 cm » BRRETERFPREERD
£ 22 cnZ BB » EMBEEENRET » — PN BEMBEERE (R1) - BURHHNERER
B EREARNTEE - (EEATNE T » 1991 £ 38R fEE HBE » 1992 S HERM IR
B ERERNEE A > FE—-RNBRENERRERRRAFRESEMAER - RUOMERRE
BFR—EREER | EOLBHIEN SR EEES % R — R TR S E R %30% » e %5
T EMEARE 22 % » HMEEREZBE o

FRMEMRTE PRI EOIN (H4h: 0 ~24H) FrEEMNEZME » REFHESECR Fh KR EHA
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B 11-22-22) hEZFGBFRARDHNERE » BBUSREERBRENEYEREBY » RESRH
FREHETHNARYVPE T RRTIEE » EEREE -
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B EARER R » BARFHSM T AR RREERNRE - HARBE RSN » SERMEMPRFRFE
BYBANAERBETUE » AIEERGE (22-22-44 BHE - %&2) BET » DR TFRBE RN SE
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PEERMER > EUEARES T ERFEREVIHET - HERNRE TR T » 7RI T ER
AT e BEIRBE S AN R LARFE R o B 7 B e BURE
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) EEEYETHNSIER R - SRR EKERE =[N » BRI ARREESR ; )t
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FRFTRRAEZYE » RRBAEEYEEMSEEERETR®Y  WAEREENHEEBESE
BRER > PRI ERM LT (BRRYIE) - ERHHIERERBIICHENEE (
22-22-22 % 22-22-44 BR¥E) > FRAR TR EREEIIER » iR EREE TR RS
Rob > AR TR KRR R2) » HEREENTH » BER=EEENRERM o

FERTFRAERTEHAUE » DRUREZEERBENE Y - ZRBP R FRNSYE
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FERBHRETRATPHHEO 2R EEELES » DREENTRFSREE » TS BaREN
ZABAMERTEF B » RE—MNMFERTHNERE (£1) METFHNESETHER
(19)ﬂ}gﬁ% °

FAREFRAERE PR EREBRORRACRSEER S R ERSHEM » — WS » BITRLEAS

(concurrent assimilated N) 7 2 MIHLIE BB AR E » Harder et al. "OREIIES 1
FERHE TR FRFEH M B AR R » ARAESCR I —18% » EEUBURE - TREXEIN
R LLFR RS - B » BRI EER YA RNEERE | A EER xR
WS IKIFRAEE ~ BH - XREEE | AERYRELS S TEf— s EEB R RRE (53
HRRRARIIM) o LRRRERELHERBEN > R EERS N RS RVBIERML » S5 —
SEREEREME RINREME /T o BB b > R TR A EER M R RN IR e MR
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The Effects of Planting Density on the Growth

and Yield of Corn
I1. Grain-Filling Period*

Yih-Jan Jiang?, Meng-Li Wei?, Lit-Fu Chan® and Dah-Jiang Liu?

Summary

The purpose of this experiment was to investigate the pattern of dry matter and N
accumulation by corn hybrid Tainung No. 1 during kernel-filling and its influence on yield
performance for plants with differed vegetative growth at silking. Field experiments were
conducted in the fall crops of 1991 and 1992 with a row spacing of 75 cm and within-row
spacings of 11 and 22 cm. The spacing was altered from 11 to 22 cm in part of the plots by
thinning the stand at silking (1991) and at tassel initiation and silking (1992). In 1992,
thinning was also performed to enlarge the spacing from 22to 44cm. Dense-planting tended
to decrease the vegetative growth at silking. With the same population density, plants with
less vegetative growth at silking could produce more dry matter during the early (0~24 days
after silking, DAS) and late (24~48 DAS) kernel-filling periods. However, partition of dry
matter to the kernel was less significant as compared to other treatments. The amount of dry
matter accumulated during 0~24 DAS was evenly distributed to kernel and other parts of
the ear, indicating possible competition between organs. The phenomenon was most signifi-
cant for the low-spacing treatment. The amount of dry matter produced by plants with less
and more vegetative growth could not meet the demand by the developing kernels during
the middle and late kernel-filling periods, respectively, which suggests a very complex
source-sink relationship as a result of plant-spacing treatment. The assimilation rate of N
was lower for the whole plant than for the kernels throughout the entire kernel development
phase, especially during the period of 24~48 days after silking. However, plants with less
vegetative growth and N accumulation at silking exhibited higher N assimilation ability and
hence better source-sink relationship in N during this period. The N use efficiency (NUE)
increased with increasing population density, due completely to higher uptake efficiency.
The NUE and most of its components were similar among treatments in spite of the different
amounts of dry matter and N accumulated at silking. This implies a stable response in N
utilization to population density for corn hybrid Tainung No. 1. Under the current experi-
mental conditions, kernel yield was not significantly affected by the status of vegetative
growth at silking beacause of the buffering ability of the plants in terms of dry matter and
N assimilation during kernel-filling.

Key words : Zea mays, plant spacing, kernel-filling, dry matter accumulation,
N accumulation, N use efficiency.
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®1. 5EMBEZ R RN
Table 1. The fruit characteristics of persimmon that introduced from Japan
Varieties Group” wili.rgl;;ltt’ Fruit shape Skin color Gender Hsg\t’?t
°4
Fuyu PCNA 260 round/oblate orange-red female early November
Matsumoto
wase fuyu PCNA 240 round/oblate orange female late September
Jirou PCNA 280 square/oblate orange-red female early October
Hazegosho PCNA 260 round yellow monoecious mid November
Okugosho PCNA 150 oblate orange monoecious late October
Hanagosho PCNA 300 round orange monoecious mid November
Izu PCNA 180 oblate orange female mid September
Suruga PCNA 230 dome orange-red female early November
Gosho PCNA 165 oblate orange monoecious mid November
Amayotsumizo PVNA 150 conical orange-yellow  monoecious mid October
Amahyakume PVNA 420 round orange-yellow  monoecious early November
Kyara PVNA 350 round orange-yellow  monoecious late October
Egosho PVNA 270 round dome orange monoecious mid October
Gofuu PVNA 255 round dome orange female late October
Kaoru PVNA 260 round orange female late October
Zenjimaru PVNA 90 round orange monoecious early October
Nishimura
wase PVNA 110 round dome orange monoecious mid August
Shougatsu PVNA 280 dome yellow monoecious mid December
Akagaki PVNA 70 round orange monoecious late August
Hiratanenashi PVA 270 oblate yellow female early December
Tonewase PVA 250 oblate orange-yellow  female early September
Atago PVA 200 conical orange female early Nonember
Gionbou PCA 310 conical orange female early December

* Mean of twenty fruits that harvested from Wu-shih-ken.
¥ PCNA : Pollination constant non-astringent.
PVNA : Pollination variant non-astringent.
PVA : Pollination variant astringent.
PCA : Pollination constant astringent.
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®2. PEMENBEREZATYRRFGR (BA:°C)*

Table 2. Month and year mean temperature of four testing fields in 1993 (°C)

Jan. Fed. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual

Hwan-shan 86 103 121 147 174 186 202 201 186 160 148 109 152
Wu-shin-ken 12.3 162 16,5 19.6 225 242 249 247 237 21.1 197 152 20.1
Dong-shyh 12.8 167 18.6 223 25.7 276 289 288 27.1 244 214 158 225
Wan-feng 15.0 17.7 191 22.0 254 27.2 25.6 281 267 238 220 176 228

* Data came from climatological data annual report of Central Weather Bureau 1993.
¥ Data came from the nearest weather station-Shuang-chyi.
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Fig. 1. Flowering time of six persimmon varieties.
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Table 3. The fruit characteristics of 7 persimmon selections that show promise for advanced tests

Selections wI:ali’;kiltt’ Pruit Ssool;?c{e Skin color Gender Harvest
(gm) shape  (*Brix) date

PCNA-1 160 oblate 17 orange-yellow female late September
PCNA-2 220 round 18 orange-yellow monoecious late September
PCNA-3 180 oblate 16.5 orange-yellow female early October
PCNA-4 180 oblate 1§'.5 orange-yellow female early October
PCA-1 225 square 19 orange-yellow monoecious early November
PCA-2 275 round 16 orange-yellow female late September
PCA-3 240 ovary 17.5 orange-yellow female late September

z mean of 20 fruits for PCA, 5 fruits for PCNA.

PCNA-1: BHE “EA” x ‘WM WEZER > RERLA . FHREIOAR » REREE
s BRI » 1T Brix » BREE 0 9 A TARERM  HEHE -
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% » $EEE19°Brix » 118 L AR A o
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Evaluation and Improvement of Persimmon’
Ien-Chie Wen?®

Summary

All Taiwan commercial persimmon varieties belong to pollination-constant astringent (
PCA) type that fruits need post-harvest treatment to remove astringency before eating.
Evaluated 23 persimmons varieties that introduced from Japan included 4 different type-
PCNA, PVNA, PCA and PVA for testing the adaptation in different sea levels. The fruits of
‘Fuyu’ ~ ‘Matsumoto wase Fuyu’ ~ Jirou’ ~ ‘Isu’ ~ ‘Suruga’ ~ “Tonewase’ and ‘Gionbou’ had
bigger size - better quality and color than those of native commercial cultivars showed
potential to become a industry. The best areas for planting ‘Fuyu’in Taiwan located in 800
-1200 M sea levels. The fruits of ‘Fuyu’ that harvested from areas below 500 M sea level had
smaller size ~ more fiber ~ harder flesh and more brown spots than those of harvested from
800-1200 M mountain areas. ‘Jirou’ had better adaptation than ‘Fuyu’ can grow in 500-1200
M mountain areas with good results. The fruits of ‘Fuyu’ and ’Jirou’ that harvested from
1400 M can not become non-astringency naturally. ‘Akagaki’ with ‘Zenjimaru’ or ‘Shougat-
su’ was the best pollinator varieties for ‘Fuyu’ and ‘Matsumoto wase fuyu’. Four PCNA type

and three PCA type persimmons was selected from hybridization breeding program for
advanced tests.

Key words : Persimmon, Evaluation, Improvement.

1. Contribution No. 1768 from Taiwan Agricultural Research Institute.
2. Associate Research Fellow, Crop Genetic Resources Laboratiory, TARI, Wufeng, Taichung, Taiwan, ROC.
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Fig. 1. Daily mean temperature, monthly precipitation and monthly solar radiation at
Taiwan Agricultural Research Institute for the 1991-1994 cropping seasons.
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Fig. 3. The effect of leaf area index (LAI) on upper plant dry weight (UDW) and corm dry
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*., FAEANEHIRZ 25kt FREWE (UDW) ~ 2H5REREE (CDW) -~ FREEREBHK (CLAD
EERE s i EILE (CDW/UDW)
Table 1. Upper plant dry weight (UDW) , corm dry weight (CDW) per plant, cumulative leaf area
index (CLAI) and the CDW/UDW ratio of taro at the different sampling times

Time after transplanting (month)

1 2 3 4 5 6 7 8 9
Nov. Dec. Jan. Feb. Mar. Apr. May June July

1991-1992

UDW(g/plant) 9.6+3.8 165150 24.8+53 47.5+12.0 91.0+25.5 122.9+41.5 194.8£47.7 254.1£36.3 195.9£45.6
CDW(g/plant) 38+20 5919 1021429 241+ 7.2 46.7+152 65.8131.3 119.81+39.2 183.9+28.6 160.11£42.8
CLAI 02+01 0.7%0.2 14402 23+ 02 40+03 61%+04 78+ 06 9.6+ 03 11.3% 0.3
CDW/UDW 04+01  0.4%£0.1 04+01 05% 01 05+ 01 05+ 02 1.0+ 02 0.7%+02 08+ 0.1
1993-1994

UDW(g/plant) 2307 71412 191429 375+ 49 85.3%11.4 120.1%+ 9.6 150.8+39.6 148.1+31.8 64.6t11.8
CDW(g/plant) 6.1+18 7.6+4.0 20.8+42 321+ 8.6 72.0%16.5 117.2:17.5 208.8+35.5 332.2£32.0 354.3£86.7
CLAI 01400 0.5%0.1 14401 28t 02 53%f 03 84% 03 12.2% 08 153+ 0.6 17.0% 04

CDW/UDW 27110 11104 11401 09+ 02 08+ 01 1.0+ 02 14+ 03 22+ 05 55+ 06

Shin and Gascho® & LA KBS Z EEBRBIRRAFHEE (sugarcane) RYHZYE RBURES »
BHEYE RRCEA R A RIEE RIS (cumulative leaf area index, CLAI) ZMH 2 IEHHIBRLR -
HELPHE Y P e RBERETR - XE—RCLAIER BB EZEZEHRILF AR ZTHLAL
HIRERD o AWK BRSO FERERERBRT AR 285 LEZYME (UDW) -~ 25RRER
H (CDW) RCLAIfEFIBRE1 » H—FERBRECLAINAI0R S Z & R ECLA/NPI2LART
UDWRCDW&EECLALZ A MEEE 2 EMHEMRAR » FiftfEREFRKERERE (coeffi-
cient of determination, R?) #0°F :

1991~1992 UDW=-— 7.7+25.5CLAI R?=0.98

CDW=-14.1+17.8CLAI R*=0.93
1993~1994 UDW=  3.8+12.9CLAI R?>=0.98
CDW=-— 4.8+16.3CLAI R?=0.98
#CLAIK#105%12 » UDWRCDWAIRELTHEIAER » EEA TR - 52 » EAHKERE
KO Z CLATE R — G FUERE - WPESRRBRE A - Shin and Synder® Um b EEM (
southern Florida) ZE#¥FRAERARME » EHEHCLABER 0T BRERER » (HCLALE
F10: 2 58 & B FE BB RS0 » AR ARRERERENE o K » IR RAEMm
AN » CLAIZEESMENMERREE R R EMEVER » MIFE—FRRE10 - BZEREKS12
» HFfh 18 < iR hE th g R B G < T RIS o

51 AR

1. FREE ~ B0 © 1977 - MRS - B EBKRBRBBNT - 55142—149K -
2. Aase, J. K. 1978. Relationship between leaf area and dry matter in winter wheat. Agron. J. 70:563-565.
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Relationship Between Leaf Area and Dry
Biomass Production in Wetland Taro
[ Colocasia esculenta (1.) Schott]®

Lit-Fu Chan? Hsiu-Ying Lu®, Chun-Tang Lu® and Chi-Hsiung Lai?

Summary

The prediction of biomass production is important for scheduling harvest and milling
operations in taro. The objective of this study was to evalute and predict the dry biomass
production of wetland taro [Colocasia esculenta (L.) Schott] based on leaf area index
information. Two experiments were conducted in the fall crop of 1991 and 1993 at Taiwan
Agricultural Research Institute. A total of 10 plants was randomly sampled at one-month
intervals starting at transplanting and ending at harvest. The total leaf area, upper plant dry
weight (UDW) and corm dry weight (CDW) of each plant were measured to estimate the
leaf area index (LAI) , net assimilation rate (NAR) and crop growth rate (CGR) of dry
biomass. The results revealed that the LAI of taro increased greatly with time starting from
3 months after transplanting, and reached a maximum value at 6 or 7 months after trans-
planting, and declined thereafter. Climatic variation can lead to significant difference in LAI
curve of taro. The rate of increase and maximum value of LAI increased with high tempera-
ture and high solar radiation during the growth periods from 4 to 7 months after transplant-
ing. The effects of LAI on dry biomass production were the same between different years
and different climatic variation. Before LAI reached a maximum value, UDW and CDW of
raro increased markedly as LAI increased. No significant negative correlation between NAR
and LAI was found before LAI reached its maximum. On the contrary, NAR and CGR
decreased immediately when maximum LAI was achieved. Dry biomass was linearly related
to the cumulative leaf area index (CLAI) in taro until CLAI reached a critical value. This
linear relationships could be useful for predicting taro biomass production, however, the
critical value and regression coefficient used to estimate biomass production might vary with
diverse environmental conditions.

Key words : Taro, Leaf area index, Dry biomass production, Net assimilation rate,
Crop growth rate.
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A BERRANERNER 1 A2 EER 3k BMARED > 5 EAB% (v/v) ERERRE
HRZEEERAR/NRE o R B LEEETTEG65,649,470nm B R T HIE LR o
WM RBWEEHRE B ~ RERREYE -

ERE R

— -~ BEHERBENEERE BB

BEHEIERRIBEERENVEANIMERELRE (cuticular) - RERHEBE (pectin)
AEE (cutin) > BE (wax) RRBWEE (epicuticular wax) FiiR » IR EEY R ZEEE
Pt RYENEE » RIEEEEBRADNER - REBNRNIERERE - TRERIBER
ARERVEERE - FRREUREHESRFRZSREBEGEVORENER -

HE 1B ZBEFHE (HHE - 778 - #28) EREpH2.6 K1 MEHETHRERSR - &
BIERERE (pH2.6/k1.6) - WRFEPHL.6HFHRHE (CK) EHEBEMEER » FFEAIMKER - O
TFEMHPEENRZEEER o Olzyk""FHEHBRBHANHEY ZEHRE FIEPpH3.0LT 8
BHERHPRERNBREBREEREERBRE ST LB » BE LRSI R £ it Rl
RSB AUR  EMERE S EMRA » WERBE SRS  AERERART  HESE
BOSHEE R EEEZERE -

F1. EFHEE - FEREREFHERE

Table 1. Effects of acidic fog on foliar injury of garland chysanthemum, kale and spinach.

Tigment  ex,  Lefswa Lai Relaivewaer  Crlorph
(g/m) (%) .(cm?) (%) (g/n)
kale
pH 5.6 (C.K) 12.7a* 500a 93.3a 0.99a
pH 4.6 13.8a 516a 94.2a 1.06a
pH 3.6 12.1a 3.6a 408b 92.2a 0.99a
pH 2.6 11.7a 10.1a 386b 93.0a 1.00a
pH 1.6 10.5a 35.8b 375b 91.6a 0.90b
garland
chrysanthemum
pH 5.6 (C.K) 13.8a 449a 92.2a 0.61a
pH 4.6 12.7a 404b 91.4a 0.62a
pH 3.6 13.5a 8.8a 398b 92.0a 0.6la
pH 2.6 8.4b 17.6b 258¢ 87.7b 0.60a
pH 1.6 6.4b 40.2¢ 230c 86.1b 0.55b
spinach
pH 5.6 (C.K) 15.9a 413a 87.5a 1.03a
pH 4.6 15.0a 417a 88.0a 1.03a
pH 3.6 13.8a 8.6a 396a 87.9a 1.00a
pH 2.6 11.8a 21.2b 250b 88.3a 0.92b
pH 1.6 7.4b 43.3¢c 236b 83.1b 0.73c

* Means followed by dissimilar letter within each column are not significantly different at 5% level by
Duncan’s New Multiple Range test.

REANTHMEAALARER - EREFBERIEE > BEGRRS  EBERN LE
ERGRBEIRIEHEB (necrosis) ~ MIRFHRK - B LEREHRpHENEEEM » —%
& RIFWIEDH3.SLIT 2% » MARBRIRME 1 » pH3.6R=HMA FHARIEN & 1 B SITHEm
 ERERRBERRE > HPHRRBRE - BREENAE » HHEEp HA. 61 R H B E -
WHRHRHAREEER  ERTHEREN BEER (atrophy) - BEFWE - HbIFERERSE
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Fig. 1. Influence of different acidic fog treatments on lower and upper edidermis stmatal

conductance. Bars indicated the standard error.
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HE TR ZEESER » FERERUPBpHLONREERE - MEREFREEER - EUEX
SRR ARG ARG » Bl RIFEAEpHL6MRE » HZEPpH2.6 1.6 Z A T HITHK
RN THESESEER - MELRERENREMREEERSRETVEASIFRLED 755K
SEHISE - WAL ATRRMNRREMBEEE B X) WEWERLIFR -

Adams ZACRATFpHENEN (pH5.6°3.6°3.0) SFRE=MEMER » REAFHER
F- 3% iE TR p HIEE R TS @B W 7 - 53— A - EYREEER A pHERNA T RS
§ > EREA RENSWWEATPMRE - RN A HBRWRERERS (buffering capac-
ity) o BTRpENHBRENEELS HEERNHRER  KREBRIIZABAESH - BAR
EMEETASE - WRTEERAR (H2) - BIETRTIAIEPHS.5%3.5M » FFEHMRIHRERE Bbd - HK
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Fig. 2. Titration curves of homogenates of garland chrysanthemum, kale and spinach leaves.
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BEARNE o Lt 1 FEpH1.MME - BB RIEEH KSR  FEEER » HXBRERKEE
s TMHAEERARFER/D » BRFEHBEEFREAETE - SEREHRAHRBIEIEEE
R ARENREEHENERES 8 - EE LHPER B R EREEE T
ane , FE A R FTRGIAIMEAL (intracellular compartmentalization) E#REMME (
cell sap) pHIEAAZR » BERTHERFMICE NpHE » HAIZ B/ K EpHIE R H A B8R
HR® » BT HBEEERS.5 » Hpi@EYEE bicarbonate, phosphate compounds FIFEH#
B, RRERHEHNANIBEERTFY - BEMEARPRRETEFHENREBSANAERETE
— IR -
Z BBHMSRE - XZ2EYENRE

ER FRMBEN =EAETRAERBEZEE > HEEBREZIIEE - RE - EEH - TR
~ BRI S BAEY » RESEEERAEAS  BRFERE G ELEFRNBEREYEYERNE
BohE2BH  SEERNEREYELR pH2.6R1.0RBBREEELRAEE - 8788 Olszyk
HERE OB KRR E/EYZ EMEEEPH3 LT » MERERERDEpHEREE2.0LLT » BH
BHEM - BEEEFEpHA.REZER EYEREEE pH5.68 - WEAE REWT I EHHLNS
meEs , 7 AR TR AE S I TRMERB A (nitrates) FORRAE (sulfates) » BESRFTIRHLEME - H
AEBIETENERCH - EREEEMERKES - BHERAEpH1.6R R BN RH RN E
B HERREAMDMEEER o

*2. MBHHEW FERERERZEE
Table 2. Effects of acidic fog on garland chrysanthemum, kale and spinach growth.

Treatment Leaf dry wt. Stem dry wt. Plant height
effect (2) (2) (cm)
kale
pH 5.6 2.07a* 1.33a 29.9a
pH 4.6 2.44a 1.31a 28.1a
pH 3.6 1.63b 1.32a 27.2a
pH 2.6 1.54b 1.26b 25.8a
pH 1.6 1.51b 1.08b 24.8a
garland
chrysanthemum
pH 5.6 0.94a 0.42a 14.0a
pH 4.6 1.44b 0.41a 15.5a
pH 3.6 0.88b 0.42a 16.1a
pH 2.6 0.65¢ 0.36a 13.4a
pH 1.6 0.59¢ 0.38a 13.0a
spinach
pH 5.6 1.34a 1.23a 28.6a
pH 4.6 1.28a 1.06a 26.6a
pH 3.6 1.24a 0.99ab 25.2a
pH 2.6 1.05a ) 1.05bc 22.9ab
pH 1.6 0.83b S 090c 20.1b

* Means followed by dissimilar letter within each column are not significantly different at 5% level by
Duncan’s New Multiple Range test.
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Damage on Three Leafy Vegetables in Winter
by Simulated Acidic Fog®

Ming-Hwi Yao?, Kung-Shy Chi? Jin-Chuan Tsai? and Lien-Sheng Liang?

Summary

The primary objectives were to determine the acidic fog stress cause alternation in the
vegetables growth. physiological and foliar injury responses. Field plots of garland chrysan-
themum (Chrysanthemum covonarium L.). Kale (Brassica oleracea L.) and spinach (
Spinacia oleracea L.) were exposed to three 0.3mm simulated fog episodes per week at
specific acidities from pH 1.6, 2.6, 3.6, 4.6 and 5.6 treatments. For all three vegetables, foliar
injury was assessed to determine damage response levels, The most severe injury occurred
near pH 1.6, and no injury was observed above appoximately pH 3.6, Decrease of leaf area
of kale was also most severe at pH 1.6 but was appoximately 20% less severe than those of
spinach and garland chrysanthemum at this acidity. In spinach and garland chrysanthe-
mum, highly acidic fog enhanced upper edidermis stomatal conductance and depressed
relative water content via the disintegrated of the epicuticular wax layer. Homogenates of
leaves were titrated and buffer capacities were determined as a function of pH, kale, as the
most alkaline leaf. There were no detectable effects of acidity on plant height. stem dry
weight and lower adidermis stomatal conductance.

Key words : Acidic fog, Buffering capacity, Upper edidermis stomatal conductance,
Lower edidermis stomatal conductance.

1. Contribution No. 1770 from Taiwan Agricultural Research Institute.
2. Respectively, Assistant, Assistant Researcher, Associate Researcher, Head, Department of Agricultural
Engineering, TARI, Wufeng, Taichung, Taiwan, ROC.
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Differential Responses of Soybean Foliage
to Simulated Acid Rain!

Ming-Hwi Yao?, Shu Chen?®, Jin-Chuan Tsai?,
Ming-Jen Fan® and Lien-Sheng Liang®

Abstract : The primary objectives were to determine the acidic rain stress cause
alternation in the soybean foliar injury responses. potted soybean (Glycine max.L.
cv. “Tainung 15” and “Kaohsiung select 10”) were exposed to two 1 mm simulated
rain episodes per week at specific acidities from pH 2.0, 3.0, 4.0 and 5.6 treatments.
Each treatment was exposed to 0.5hr spraying in the morning between 8 : 00 and 9
: 00 on consecutive days for 5 weeks after anthesis (R2) stage. Acid rain treatment
at pH 2.0 induced the formation of pale brown necrotic spots on the leaves within
2 weeks after exposure. The electrolyte leakage of the first trifoliate leaf to acid rain
of pH 2.0 for 1 week was significantly greater than that from the other treatments.
cuticular stomata exposed to the acid rain of pH 2.0 showed a smaller aperature and
did not follow diurnal changes. However, acidity of rain had no effect on stomatal
conductance of the soybean. After 2 weeks of exposure, in pH 2.0 and pH 3.0
treatments, soluble protein and chlorophyll content of “Tainung 15” showed a
significant decrease. However, “Kaohsiung selection 10” was not significantly
affected by pH 3.0 episode.

Key words : Acidic rain, Soybean, Glycine max L., Electrolyte leakage,
Cuticular conductance.

INTRODUCTION

Acid precipitation has often been defined as precipitation with pH values less than 5.6
. A pH of approximately 5.6 is the equilibrium pH for the dissolution of ambient
atmospheric level of carbon dioxide (approximately 3204LL™!) in water, a reaction that
produces carbonic acid. Measured pH values of precipitation in Taiwan were often lower
than 5.6, because of the large amount of sulfur and nitrogen oxides in the atmosphere.
There have been many reports on the occurrence of visible injury induced by acid rain
treatment. Since Shriner et al. (1974) first reported the findings of their acid rain study.
Jacobson (1980) reported that the threshold for foliar injury development was among pH3.0
and pH 4.0. Hosono and Nouchi (1994) found that simulated acid rain at pH 3.0 or below
produced visible injury on leaves of six species. Bean leaves exposed to acid rain from

1. Contribution No. 1771 from Taiwan Agricultural Research Institute.

2. Respectively, Assistant, Associate Researcher, Head, Department of Agricultural Engineering, TARI,
Wufeng, Taichung, Taiwan, ROC.

3. Assistant, Head, Department of National Plant Genetic Resources Center, TARI, Wufeng, Taichung,
Taiwan, ROC.
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sulfuric acid at pH 3.0 and below showed necrotic spots®. Kohno and Kobayashi (1989)
showed that simulated acid rain treatment at pH 3.0 or higher did not induce significant
adverse effects on the growth of soybean seedlings, but acidic rain treatment at pH 2.0
significantly reduced leaf area, dry matter accumulation and root nodule prodution.

Acid rain experiments on agricultural crop species in Taiwan have not been investigated
to any extent. The aim of this study is to measure the physiological response and leaf injury
of Glycine max after exposure to simulated acid rain solutions under greenhouse conditions.

MATERIALS AND METHODS

Plants material and growing conditions

Soybean seeds [“Tainung 15” (TN15) and Kaohsiung select 10:(SSC10)] were sown in
plastic pots (3 seeds to a pot, pot size: 18 cm in diameter x 25 ¢cm in depth) filled with 2L of
loamy soil. Seedlings were thinned to one plant per pot 7 days after seedling. Fertilizer
containing N, P and K was applied to the soil at a rate of 80:100:100 kg ha™* as N:P.0s:K:0
prior to seeding. The experimental plants were grown located under greenhouse that served
as ambient rain exclusion shelters for the delivery of simulated acid rain.
Aced treatments

The pH of the rain solution was adjusted to 5.6, 4.5, 3.0 and 2.0 with a mixture of H.SO,
and HNQs(2.5:1). Solution in a PVC supply canister was pressurized with hand and forced
through a small orifice of a commercial stainless steel rain nozzle. Where it impinged on the
tip of a J-shaped pin, and was broken into particles with a mean stain diameter of 1.0mm
(Fig. 1). Spraying was done carefully to wet the leaf surface evenly and completely, so that

30
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Fig. 1. Drop stain distribution for simulated acid rain exposure system.
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no spray reached stems, petioles, soil surface, opposite leaves, or other parts of the plant.
Each treatment was exposed to 0.5hr spraying in the morning between 8:00 and 9:00 twice
a week on consecutive days for 5 weeks after anthesis (R2) stage (approximately R3-R6 stage,
seed filling period).

Analysis

Chlorophyll and soluble protein: Measured on subsamples of fully expanded leaves from
the upper half of four plants per treatment, six discs of 1.0 cm in diameter were taken from
interveinal region of leaves. The measurement followed the method of Arnon (1949) and
Bradford (1976).

Wax content : Twenty discs of 1.0cm in diameter were taken from interveinal region of
leaves, epicuicular waxes were removed by stirring the leaves in 30ml chloroform for 15
seconds™™®.

Electrolyte leakage : The leaves were placed in 50ml plastic tube and incubated at
ambient temperature, conductivity of the suspending solutions was measured after 24 hrs
and again after autoclaving at 121°C for 10 min (taken as 100 % electrolyte leakage).

Stomatal and cuticular conductance : Measured on the terminal leaflet of the fully
expanded leaf with a steady-state porometer (Model LI-1600, Licor Crop., Lincoln, NB).

Relative water content (RWC): The fresh weight (Wf) was measured immediately after
the leaf tissue was collected and the fully turgid fresh weight (Wt) was measured after the
leaf tissue had been brought to fully turgor by floating the cut leaves in water for 2h. The
dry weight (Wd) was determined by heating the leaf samples at 100°C until the weight no
longer decreased. RWC is expressed as RWC(%)=100X (Wf-Wd),/ (Wt-Wd).

Ultrastructure of leaf surface : In R5 growth period, samples of exposed leaves were
taken for investigation of the epicuticular wax layer by scanning electron microscopy.
Statistics

Analysis of variance were carried out on all data. Probabilities were determined using
the standard Student’s t-test. The data shown are means of 12-15 independent replicates *
SEM.

RESULTS

Acid rain treatment at pH 2.0 induced the formation of pale brown necrotic spots on the
leaves within 2 weeks after exposure. Necrotic symptoms first apperared along the vein and
spread gradually into the interveinal areas. When young leaves were exposed to acid rain at
pH 3.0, only slight injury was observed in the form of necrotic spots, mature leaves showed
no visible symptoms of acid rain injury at pH 3.0 and greater. However, necrosis was severe
enough to result in abscission at pH 2.0. Abscission occurred after the initial exposure to pH
2.0, but plants initiated new laterals to continue vegetative growth. Lateral regrowth
appeared to be less sensitive to injury than primary or secondary leaf tissue.

The electrolyte leakage of the first trifoliate leaf from soybean plant exposed to acid rain
of pH 2.0 for 1 week was significantly greater than the from the other treatments (Fig. 2.).
Compared to Tainung 15 exposed to acidic rain, Kaohsiung select 10 treated with pH 3.0 rain
exhibited significantly higher electrolyte leakage levels. But, no difference was found in
electrolyte leakage between pH4.0 and 5.6 even after 5 weeks exposure.
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Fig. 2. Changes of relative electrolyte leakage of soybean leaf in simulated acid rain
during seed filling period.
SSC 10 : c.v Kaohsiung select 10 TN 15 : c.v Tainung 15
Bars indicat standard error.

After 2 weeks of acid rain treatment, the cuticular conductance of leaf at pH2.0 was
significantly less than that at pH 5.6, otherwise there were no significant difference among
any of the three acid rain treatments. After 5 weeks of exposure, the cuticular conductance
was not significantly different among four pH treatments (Fig. 3.). On September 17, daily
time courese of cuticular conductance of leaves were measured. Cuticalar stomata exposed
to the acid rain of pH 2.0 showed a smaller aperture and did not following diurnal changes
(Fig. 4.). However, acidity of rain had no effect on stomatal conductance of the soybean
(data not shown). At the end of the experimental period the quantity of leaf relative water
content are shown in table 1. Relative water content was not significantly affected by acid
rain treatments at pH 3.0 or higher; that at pH 2.0 was significantly less than that of the
control at pH 5.6.

Fig. 5. shows the change of soluble protein of leaf exposed to different pH episodes after
anthesis stage. After 2 weeks of exposure, in pH 2.0 and pH 3.0 treatments, leaf soluble
protein of Tainung 15 showed a significant decrease. However, Kaohsiung select 10 was not
significantly affected by pH 3.0 episode. The chlorophyll content of soybean leaves showed
similar results with the change of soluble protein (Fig. 6).

Acid rain of pH 2.0 had a detrimental influence on the epicuticular wax layer which
showed numerous lesions and melted appearance (Fig. 7.). In contrast, the epicuticular wax
layer of the pH 5.6 is characterized by a dense stand of small threads. The quantity of
cuticular wax was shown in Table 1. Damage symptoms of epicuticular stomata were
observed in the leaf after application of acidic rain (Fig. 7.).
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Fig. 7. Scanning electron micrographs of the stomata (solid arrows) and cuticular wax (
dash arrow) structure in soybean leaf during two weeks exposure. A . After applica-
tion of control rain (pH5.6) .B : After application of acidic rain (pH2.0)
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DISCUSSION

The phytotoxicity of acidic rain is mainly due to the direct deposition of acidic com-
pounds on plant surface, which can ultimately result in structural injury®**, The effect of
acidic rain on injury growth and yield has been determined for a wide variety of crops®”. In
soybean, plants are adversely affected only by pH levels of 3.0 or lower®. Injury (necrotic
lesions) began to appear on leaves, stems and fruit at pH 2.8 or lower. More acidic rain of
pH 2.0 or lower are required for growth or yield decreases'”. According to Kobayashi et al.
(1991), the exposure of simulated acid rain at pH 2.0 caused the reduction of dry weight
growth and seed yield of soybean plant due to acute damage of leaf area growth. In our
study, leaves of two cultivars were damaged by acidic condition at pH 3.0 or lower. The acid
treatments of pH 2.0 seriously affect the leaves, causing bleached and necrotic lesions. Some
of the photosynthesizing area of the leaves was damaged and chlorophyll was reduced or
absent from these lesions. Tainung 15 exposed to pH 3.0 rain exhibited reduced chlorophyll
content (compared to responses in plants exposed to pH 5.6 rain), but Kaohsiung select 10
was not significantly altered, With respect to other physiological changes, acidic rain effects
on soluble protein responses were of similar magnitude to alternations in chlorophyll in the
present study (Fig. 6.).

According to Tukey (1970), leaves continually excrete small amounts electrolyte mole-
cules. Beginning at the Ist week of rain application in soybean, leaching rates of the control
plants were much lower than those of the plants exposed to pH 2.0 rain. The higher leaching
rates in the acidic rain treatment may be explained by the detrimental effect of acidic rain
on the cuticle. However, it is also possible that the protons of the acidic rain may have
exchanged Ca®* from the surface of the plasmamembrane. Mengel et al. (1990) reported that
protons may exchange metallic cations from Picea abies leaves, in which, ions, particularly
Ca®, were exchanged at the beginning of the exposure to acidic fog. As can be seen from Fig.
2., leaching rates increased with time. This increase was significant and indicated that the
permeability of the membrane of the cuticle or both became higher.

The disintegration of the epicuticular wax layer brought about by acidic rain (Fig. 7,
Table 1) has also been previously reported. In addition, our investigation provided evidence
that the epistomatal wax layer was heavily damaged by acidic rain. This observation is in
good agreement with the results of Mengel et al. (1989), who reported that acidic fog brings
about a cracking of the epistomatal wax props.

According to Jeffree et al. (1971), the epicuticular waxes on the stomatal cavity of spruce
provide excellent protection against water loss. Consequently damage or even loss of the
epistomatal waxes will lead to a disturbance in the water status of plants. Trumble and
Walker (1991) reported that stomatal resistance increased significantly in Phaseolus lunatus
following exposure to pH 2.5 and pH 3.0 acidic fog. Damaged cuticle and guard cell should
have and impact on the cuticular stomatal fluctuation of soybean, as were shown in our
study. but Knittel and Pell (1991) reported that acidity of rain had no significant effects on
the cuticular or stomatal conductance of the corn cultivar at pH 3.0 treatment. There are
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several possible explanations for the apparent lack of response of cuticular conductance to
acidic rain. Other cuticular stresses could mask effects of acidic rain. Wind, relative humid-
ity, temperature, light intensity, and insects or leaf microflora could all affect cuticular
conductance. in addition, This differential results were dependent upon plant species, leaf
surface, characterisitics and amount of acid input.

A damaged cuticule should have and impact on the water holding capacity of plants, as
was shown in this paper. Soybean with a degraded epicuticular wax layer are susceptible to
water stress and their protection mechanism against water loss is affected since even with
stomatal closure water may be lose by cuticular transpiration. It can there be assumed that
the decline of spruce trees widely occuring in central Europe could to a large extent be
caused by cuticle damage that leads to water stress, particularly in dry years"®'?.

Moskowitz et al. (1985) estimated that if acid deposition in the United States were
reduced by 10% in 1982, the yield of field grown soybean cultivars would have been greatly
increased. However, they suggested that the effects of acid precipitaiton might be less
important than those of dry deposition such as Os and other environmental stress such as
water stress. Thus, further research is needed to assess long term interactive effects of acidic
precipitation and other environmental factors on soybean and othere agricultural crops.
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