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Abstract: [ Objective] Effects of plant-spacing and water-supply on the biomass, yield, and water use efficiency of sweet
corn plants were studied for better irrigation management. [Method] A field experiment including varied plant-spacing (i.e.,
20, 30, and 40 cm) and amount of water supplied for the irrigation (i.e., 215, 265, and 365 m3'hm72) for sweet corn cultivation
was conducted to determine their effects on the biomass, yield, and water use efficiency of the plants. [Result] The spacing
between individual plants significantly affected the biomass accumulation of each plant; the water-supply for the irrigation
significantly altered the biomass allocation on a plant; and the interactions between the plant-spacing and irrigation
significantly modified the allocation as well as the distribution of biomass on a plant. (1) As the spacing increased, the biomass
increased significantly to reach a maximum at 40 cm separation between two plants. When that was combined with water-
supply, both quantity and proportion of stem biomass on a plant significantly increased; and the weight of fresh ears became the
largest and the principal component comprehensive score greatest on a plant at the irrigation that provided 365 m’hm™ of
water. (2) The allometric constants of leaf and stem/aboveground biomass rose as the spacing and water-supply decreased and
followed by an increase, while that of ear/aboveground biomass being the opposite. Those of ear/aboveground biomass peaked
at the combined 30 cm for the spacing and 265 m’hm > for the water-supply. Meanwhile, the constants of leaf and

stem/aboveground biomass lowered but that of ear/aboveground biomass maxed. (3) Increasing spacing significantly decreased
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the sweet corn population yield. However, the irrigation did not exert significant effect on either yield or water use efficiency

as they were the highest at the 265 m’-hm > X 20 cm combination. [Conclusion] The biomass of a sweet corn plant peaked

with the combined treatments of 365 m’-hm~ on water-supply and 40 cm on plant-spacing. But the greatest population yield

and water use efficiency were observed under the combination of 265 m’-hm >X 20 cm. The information would lead to an

improved irrigation operation for a high yield and high efficiency sweet corn production in arid hot valley and similar areas.

Key words: Plant spacing; irrigation; individual biomass; allometric growth; population yield; water use efficiency
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Table 1 Variance analysis on effects of plant-spacing, water-
supply, and their interactions on biomass of sweet corn

plants (F value)

HRBE KR

Plant Irrigation

PRER X K &

Tt
AR Plant spacing X

ftem spacing  amount  irrigation amount
445 Leaf biomass 4.47% 0.58 1.55
ZEEW L Stem biomass 9.07%* 8.00%* 2.24
FAEYE Corn ear biomass 3.00% 0.10 1.90
RAEY)E Total biomass 5.85%% 1.64 1.92
i Fraction of leaf 0.86 2.97* 1.62
ZX L6451 Fraction of stem 0.24 4.67%* 3.12%
JFELL A Fraction of corn ear 0.02 1.48 2.57%

e RPEUE G bR FHRRP<0.05, bR**HRRP<0.01.
Note: * indicate significant difference at 0.05 level, ** indicate significant

difference at 0.01 level.
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Table 2 Effect of plant-spacing, water-supply, and their combinations on biomass of sweet corn plants
KR BREE M ENERYA R R SRR L] EXqll] SRR
Irrigation Plant Leaf Stem Corn ear Total Fraction of Fraction of Fraction of
amount/m’*hm spacing/cm biomass/g biomass/g biomass/g biomass/g leaf/% stem/% corn ear/%
20 36.47£1.85b 75.13+£4.77¢  59.25£8.62b  170.84%+13.73b  21.45+0.76a 4401£147bc  34.54%2.10 abc
215 30 38.76£1.85b 78.54£4.77bc 80.95+£8.62ab  19824%+13.73b  19.74%0.76ab  39.94+147c  4032%2.10a
40 40.94*=185ab  91.11+4.77b 81.32%8.62ab 213.38%13.73ab  19.71+0.76ab  4291%=147bc 37.38%2.10a
T
38.72£1.07 A 81.59+275B 73.84X498 A 194.16+7.93 A 20301044 AB  42.294+085B  3741f1.21A
Mean value
20 3845+1.85b 79.11+£4.77bc 73.39+£8.62ab  190.941+13.73b  20.61+0.76ab  4227+147bc 37.12%+2.10a
30 3827+185b 76.19+4.77bc 70.55£8.62b  185.02%+13.73b  21.44+0.76a 42.44+147bc  36.12+2.10 abe
265 40 38.53£1.85b 80.85+4.77bc 73.24+8.62ab  192.63+13.73b  21.63+0.76 a 44.58+147bc  33.79£2.10b
T
3842+1.07A 78.72+£275B 72401498 A  189.53+7.93 A 21.23+044 A 43.10+0.85B  35.68t121 A
mean value
20 36.58£1.85b 79.32+£4.77bc  69.18+£8.62b  185.08+13.73b  20.15+0.76ab  43.59+1.47bc  36.26%2.10 abc
30 38.13£1.85b 91.36+£4.77b 61.16=8.62b  190.65+13.73b  20.49+0.76ab  48.94+147a  30.56%2.10¢c
365 40 45.16+1.85a  109.55+4.77a 96.48+8.62a  251.20£13.73a  18.56%+0.76b 4483+147b  36.62%2.10a
FEME
M I 39.96+1.07 A 9341+£275A 75611498 A 208.97+7.93 A 19.74+0.44 B 45791085 A  3448E121A
ean value

e B TEAH NG - BRER RS IR PR 5 /K R C B AL HE IR 22 573 . 35 (P<<0.05),  TOAR[F) K5 5 B 2 7 A ) /K oAb L ) 22 57 (2. 35 (P<<0.05), K7l

Note: Different lowercase in the same column meant significant difference between different irrigation amount and plant spacing combination treatment at 0.05

level. Different uppercase in the same column meant significant difference between different irigation amount at 0.05 level. The same as the table 7.
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Table 3 Eigen values and contributions of two principal com-
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Table 4 Factor load of biomass characteristics on individual

ponents principal component
j‘?ﬁgfﬁ ﬁfﬂ‘ﬁ Tk %ﬁﬁ'ﬁl‘ﬁfﬁ‘i HiH F A5 Component
Principal Eigen Contribution/% Cumulative It
component value © ution’o contribution/% em 1 2 3
1 7.37 56.69 56.69 I & Leaf fresh weight 0.82 0.44 0.18
2 2.37 18.21 74.90 2k fif F Stem fresh weight 0.74 0.61 -0.05
3 1.59 12.22 87.12 JLFEE Corn ear fresh weight 0.87 0.09 0.00
A48 Leaf biomass 0.87 0.36 -0.21
P FEbn A ZEEEE . KA . S KR EEK . _
. B 244 Stem biomass 0.76 0.45 —0.43
HORBELE; R 60% UL {5 8 A e b A R AR ity
e — N — el = Corn ear biomass 0.95 -0.25 0.00
IKAEHZE ], AR BE T RAE A W) 0 K A ) i
N NS , BAEY)E: Total bi X . -0.
SR IR 11 M KR AT (£ 5) PR Total biomass 0% 007 ol
E W, 365 m>-hm 440 cm AN E % A % 7K 3 Water content of leaf 0.22 0.30 0.78
BT LA BT KA R RO . MR E K Watercontentofsem 07 oas  om
bkﬁ 1. jzbké—}» 2. Ibkﬁ 3 E@ﬁ%ﬁi{%%éﬂiﬁgﬁﬁz% JFHA 7K Water content of corn ear —0.64 0.53 —-0.03
EREMZEAR F,, IHREAKX N Fi= (0.5669X W-EL ] Fraction of leaf ~0.84 034 0.08
Fi+0.1821 X F+0.1222 X F3) /0.8712 (Xf Fy | F, 221445 Fraction of stem ~0.67 062 035
NI NN NN JE A
Gl 3 OPMRERSY 1 TS 2 MERSY 3 194351 ) LA Fraction of corn ear 0.78 -0.57 0.22
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Table 5 Principal components and comprehensive scores on sweet corn biomass characteristics

HEKE+RRER

Irrigation amount/(m’-hm )+

TR 14353
Score of principle

TR 235

Score of principle

B wxiE iy

Score of principle

L1
Comprehensive

plant spacing/cm component 1 component 2 component 3 score
215+20 —0.42 —0.23 0.06 —0.31
215+30 0.20 —0.31 0.74 0.17
215+40 0.23 —0.09 —-0.39 0.07
265+20 —0.03 —0.12 0.39 0.01
265+30 —0.10 0.11 0.77 0.07
265+40 —0.17 0.08 0.00 —0.09
365 +20 —0.23 —0.54 —-0.39 —0.32
365+30 -0.21 0.76 -0.22 —0.01
365+40 0.73 0.35 —0.96 0.41

BB wim /N, FRIE R 20 cm BY K, AR R 40 cm B
/Ny ZE-H AR S AR KA RN R R K,
PRI R 20 em B dc K, BREER 30 om B dRe/)h s G-
M b AP A K AR RO RS /N, #RBE 30 em
A e K, BREE A 40 em AP IR 2, BREE A 20 cm A B
e TTUL, FERREE R 30 em W, FH T KA MR 328
WD ZE A YRR A C L B T 2 0 AR W a3 T B
SRS E B LERREE A 40 om I, R o s )
MR R AT, K 2 A AR Y A B B A
S LI

M6 F i, MEMEKEN I, M- FAY &

IES A /B 4O ST VA ER e (e GO =8 ot AN i
KA, WK 265 m*hm * e/ S A-
M b AR e ) S A K AR R S HE R R /N i AR R
s, KRN 265 m’hm SRR A 4 Sk
RSB, T, WEAK R 265 mPhm B,
T OKAE BRI S 0D I ZE A YR RS, KW
Aoy PR A

AFIREE SRR A A A, KRS E
e ) S KRS AR 25 5 . 265 m™hm +30 cm
REBRE M b AR ZE-H b A A KRR
AN, TEREE-H AR R A K AR RO K, il ROKAE

Fo6 ARILETHMERMI, =, REEYESH EEYENFEEKXER

Table 6 Allometric scaling relationships among biomasses of leaves, stems, corn ears, and aboveground parts of sweet corn plants un-

der treatments

HEk B - B

Irrigation amount/

PR Leaf-aboveground biomass

M EEYE

Stem-aboveground biomass

R A

Corn ear-aboveground biomass

Plant spacing/cm

(m*hm™) . R . R . R

20 0.888 0.891 0.963 0.901 1.155 0.784

215 30 0.667 0.820 0.720 0.691 1.422 0.845
40 0.529 0.719 0.905 0.836 1.463 0.863

T#4){H mean value 0.658 0.798 0.865 0.819 1.370 0.839

20 0.679 0.895 0.716 0.660 1.454 0.850

265 30 0.479 0.793 0.560 0.800 2.00 0.935
40 0.525 0.949 0.629 0.910 1.852 0.974

P18 mean value 0.549 0.870 0.631 0.786 1.799 0.927

20 0.724 0.789 0.756 0.736 1.544 0.838

365 30 0.709 0.791 0.741 0.887 1.642 0.957
40 0.404 0.737 0.479 0.628 1.878 0.943

P18 mean value 0.654 0.856 0.735 0.780 1.580 0.893

Ve aNTEEAERIEE, ROVIGE RE

Note: a was allometric index, R’ was coefficient of determination.
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Table 7 Population yield and water use efficiency of sweet corn plants under treatments

KR X e B VIR 52 . HEWLKFI 2R
Irrigation amount/ & Eh, Density/ Irrigation quota/ “ {%FEE Irrigation water use efficiency/
(o -hm ) Plant spacing/cm (B-hm %) (m*hm ?) Yield/g (kg'm™)
20 79 200 7382.36£175.66 ¢ 24 096.81+2087.91 ab 3.26+0.25a
215 30 52 800 7382.36£175.66 ¢ 19 728.30+999.41 bed 2.68+0.20 abc
40 39 600 7382.36£175.66 ¢ 15550.92+1074.85 cd 2.11£0.10 bed
*F¥{& mean value 7382.36+175.66 C 19792.01£3914.61 A 2.68+0.53 A
20 79 200 8277.22+519.29b 29 177.92+4261.57 a 3521042 a
265 30 52 800 8277.22+519.29b 19324.20+6821.96 bed 2.3540.86 bed
40 39 600 8277.22+519.29b 14212.33+6579.59 cd 1.74+0.83 d
*F¥{& mean value 8277.22+519.29 B 20904.81+£8390.31 A 2.54+1.01 A
20 79 200 8737.03+259.35a 25976.65+3534.46 ab 2.98+0.50 ab
365 30 52 800 8737.03+259.35a 18 884.83+4800.01 bed 2.1740.62 bed
40 39 600 8737.03+259.35a 17 086.24+2472.09 ¢ 1.96+0.33 cd
SF¥){H mean value 8737.03+£259.35 A 20 649.2415194.42 A 2.37+0.64 A
- YA R, 250 i SRECER RS E Z A fF
3 ik

A KO BE R PR VR A KR R I T
bRz —, B ROk s E A Y i SRR
PR B R, R R W,
K, AMRA Y RSO 2 B A B B
JET, FORREWRMTHE AR MMEAE Y&, BE KA
PRI, M EZ R AR RERG T, N
T 38 o SRR R AR RS AR BRI
X KA M A Wy R R R AR W A R R
BREE A 40 cm W2 BERRA, B FORPAF R RAMEEY)
AR B - B AR S A KRR, AR S
(4 A Wy B 23 BC B R AR AR B o X R WT R FOR A A
AW 73 IO A2 RRE A AN /NI 2, 40 em AR EE A
TR ARAR B A AR AR AE Y B 1 23 T

TESHE R MG AU R, EY B rE
PR E S LAY R Z RN S A K RAE 34 5
1 2Z0E), Ay S5 Y E 2 R K
BOtE 150 32 210 %, dnF R - A Y
HERIEER 0.647 (£92/3), - A &K 5HE
KRR 0.802 (2 3/4) PN, AR R S 2 %K
P REEAEY RS F AR 5 A KT B
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