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Abstract: Forty maize hybrids with high-yielding potential in the north of China currently were analyzed by
system cluster analysis in the pots experiment. And the type I was high efficiency, the type II was moderate efficien-
cy, the type 111 was low efficiency, respectively. The ratio of type Il was 57.5%, the highest among these 3 types, but
type I was only 17.5% lower than type I11(25%). The grain potassium content of type III was the highest among these
3 types, and the lowest in type 1. The grain potassium accumulation and distribution of type 1 were the highest
among these 3 types, and the lowest in type lII. For these three—type maize hybrids, potassium content and potassi-
um accumulation of root, stalks and leaves were not different significantly at flowering stage and maturity stage. At
maturity stage, the potassium distributions to stalks of type I were the highest(p<0.05), but not different significantly
between type 1l and type III. Accordingly, the potassium dry matter production efficiency(KDMPE), potassium har-
vest index(KHI), potassium partial productivity(KFP), potassium transportation amount(KTA), transportation efficien-
cy(KTE) of type I were significantly higher than type Il and III in this trial. Furthermore, correlation and path analy-
sis provided that KDMPE and grain weight were significantly correlated to KGPE.
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Fig.1  Cluster analysis of different maize hybrids
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Table 1~ Hybrids, released region and code of spring maize in the experiment %
K & b A BIRTFRARCE || RS i A BRFRAESE | RS i A BRI PR
Code Hybrid Production efficiency of || Code Hybrid Production efficiency of || Code Hybrid Production efficiency of
potassium grain potassium grain potassium grain
1 48 63.06 7 K88 63.27 13 B4 51.47
2 HHL618 52.23 8  JEE33S 57.88 14 fik¥ 281 41.55
3 P IA.50 50.44 9  TE309 41.90 15 J}EA405 44.64
4 JXH 9 43.31 10 J71E 603 32.22 16 J+E 402 44.10
5 4K 588 48.67 11 i P 145 36.37 17 ey 46.50
6 4K 364 37.39 12 HE 66 23.27 18 TLEL14 61.40
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Fig.2 Potassium content of different organs in different hybrids at flowering stage and maturity stage
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Fig.3  Potassium accumulation and distribution of different organs in different hybrids at flowering stage and maturity stage
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Fig.4 Potassium related parameters in different hybrids
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Table 2 Correlation on KGPE and the agronomic traits at maturity stage
THE WRAEE O WEE IRERE WRER R E RGO WRM AR TYR AR
i H  Dry matter K K content KTA [ES Grain weight 5AL A7) TR (&S
Ttem  weight accumulation KTE KHI KFP KDMPE KUpE
Xi X, X; Xi Xs Xs X; Xs Xo Xio

Xz 0.84%*

X; -0.22 0.21

Xy =0.42%%* -0.59%%* -0.19

Xs =0.47%* =0.64%* =0.15 0.98%*

Xs 0.71%* 0.59%* 0.17 -0.27 -0.23

X; 0.24 -0.07 -0.11 0.03 0.11 0.67%*

Xs 0.71%* 0.59%* 0.17 -0.27 -0.23 1.00%* 0.67%*

X, 0.25 -0.31* —0.73%* 0.28 0.29 0.19 0.56%* 0.19

Xio 0.84%* 1.00%* 0.21 —0.59%%* -0.64** 0.59%%* -0.07 0.59%* -0.31%*

Y 0.18 -0.12 0.01 0.08 0.17 0.72%* 0.91%* 0.72%* 0.54%* -0.12

e e IR TE 0.05 F10.01 K22 H 8%, TEM,

Note: *,** indicate significance at 0.05 and 0.01 levels, respectively; N=40. The same below.
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Table 3 Path analysis of KGPE and the agronomic traits at maturity stage

[E4E/EH] Indirect effect
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Paih Direct effoct JEu | Dry matter K K content KTA Grain weight TREL Y&
Total weight accumulation KHI KDMPE
X Xa X; X Xs X X5

X -0.476 4 0.657 5 -0.228 3 -0.009 4 0.039 6 0.737 1 0.025 8 0.092 7

X -0.2728 0.154 3 -0.398 6 0.009 1 0.055 6 0.6100 -0.007 4 -0.114 4

X 0.043 3 -0.0363 0.103 2 -0.0572 0.018 5 0.1793 -0.012 1 -0.268 0

Xa -0.094 8 0.176 5 0.198 9 0.160 1 -0.008 4 -0.2820 0.002 9 0.105 0

Xs 1.0393 -0.3218 -0.3378 -0.160 1 0.007 5 0.0257 0.0717 0.0712

Xe 0.106 3 0.802 2 -0.1155 0.0190 -0.004 9 -0.002 6 0.701 2 0.2050

X, 0.369 1 0.166 1 -0.1196 0.084 6 -0.0315 -0.027 0 0.200 5 0.0591

3 LB RARIHR o BEEIRIE TR R A B3

KUK, m 7 — B KR F R EZ AR, &
oK B K SPAN B e (ELIR 20 e RO i 7 o

PRIGIC, S B ROR TR BRI XU N, 356 7 e

7 R R LA (] A AR AR

AR~

I, BRI o 7 i T JR IR 0 ORI B R 4 Tk



6 1Y) LA R ATy 7 B E K AR R RS 65

FEMFAT o T AT AN A K A A B ) &%
RHEAT T KT, T 8 R 7 B iF o &
SR TPTEEAI T TR PR R AR R s BT
FRA s> Y Fide Ty T4 e B R R
FRAIRN 3 A TR D o A ik £ 3K L
J7 7 K DX R 1R 40 A5 7= R XS] & g
FAI AR TR 5T, e R Rl 43 3 25 D
BER R AR (D) B ER e AR (L) R B ER PR AS R (1)
5T R B, B 28 R A AP A 17.5% , R 53 B
RO S (57.5%) RN AR AR SRS A (25%) , TR
AT TR X R AR A I 7 2 [ K
TR TR, — AR TR R BRI, —F
SHIRTE IR E IR B . BFRE R, FOK
2 HA WM EAF, MR 24 T R,
PR O AR T B 82.8% ~ 95.5% , A
R, TR 52.4% ~ 1009% 8 BT IR #E T 55
TR L, A5 e B, AN [R) B 50K IS A 5 b
HRZE A B0 2 5 1 S 2 AR R s AE AR 0 A A 0]
TR FEZER, TR S EMRHEEER T,
BCASA ZEFF 14 40 28 43 C L A5 AR APR AR Y ot e 1
TRLA IR 3 E L9 AR ASOR) i F P eI B R =
A ST R T AR P RCR M A T BRI
PARE R T PP A RCR DU R R s i b
o UERHIFAE G A ORI SR TR R 11
25 HPER L, — o R T FRIFF R LR,
T3 RV T 2ERF I 50 e S HA A B e R
RILR AR WA R FERE A A BEESE T
FEAL G TR B ZAA R, A 23R IR T
BRI, AR RN R R R D R RTEAR
Wiz ki s AR RE AR AT BE A BRI it A
TR AT BRI O
TR IRFR L b s i R AR 2

A P R A AE 25 5%, ] 23 R I AR % Al
BRI AS TR, A RS TR A H
BCRA OB R B R T A RO
Rt m PR BRI EEEE TS OCTH R RIS
FARMAR SIS P i W R A it — 2P e
[1] William T, Pettigrew. Potassium influences on yield and quality pro-

duction for maize, wheat, soybean and cotton[J]. Physiologia Planta-

rum, 2008, 133(4): 670-681.
[2] Premachandra G S, Saneoka H, Fujita K, Ogata S. Water stress and

potassium fertilization in field grown maize(Zea mays L.): effects on

leaf water relations and leaf rolling[J]. Journal of Agronomy and Crop

Science, 1993, 170(3): 195-201.
[3] WAEUK , 4kiz , TLH 3 . IR X AR I TR K 7 i ) S

FARBLAGEE R[] . EAORRE 2007, 40(10):2234-2240 .

Tan D S, Jin J Y, Huang S W. Effect of long—term application of K
fertilizer on spring maize yield and soil K in northeast China[J]. Sci-
entia Agricultura Sinica, 2007, 40(10): 2234-2240. (in Chinese)

[4] Singh B, Singh Y, Imas P, Xie J C. Potassium nutrition of the rice—
wheat cropping system[]J]. Advances in Agronomy, 2003, 81: 203-
259.

[5] Hfe NRSERIE E R GE R . P EZHAREEM] L bt E S
AL, 2011

[6] SRARBIL, NG , T T, 25 | v [ SR B VR R T IR
SRR . LA, 2008 ,45(5):915-924
Zhang I S, Wang J Q, Zhang W F, et al. Nutrient use efficiency of
major cereal crops in China and measures for improvement[J]. Acta
Pedologica Sinica, 2008, 45(5): 915-924. (in Chinese)

(7] FE5, H i RE, 55 R SAL ) N RS AT AR XA

Wy e - R FTAT AR )] AR IR SRR, 2012,
18(4):900-906 .
Wang Z Y, Bai Y L, Yang L P, et al. Effect of application of potassi-
um fertilizer and straw returning on crop yields and soil potassium
balance in low—yielding fields[J]. Plant Nutrition and Fertilizer Sci-
ence, 2012, 18(4): 900-906. (in Chinese)

[8] K , GAKE , B3, 5 ARALH DR A o) 1A B

K R LB RTE A ML) . R IR S ITRAR
2007, 13(5):850-855 .
Tan D S, Jin J Y, Huang S W, et al. Effects of long—term K applica-
tion on corn yield and potassium forms in plough layer of black soil
and meadow soil in northeast of China[J]. Plant Nutrition and Fertil-
izer Science, 2007, 13(5): 850—-855. (in Chinese)

(9] AT, sl H e, 55 . R [RVA B BRI P X AU R

T R S A RS [1] . 3 R, 2007, 38(3): 495~
499 .
Zhan X M, Han X R, Yang J F, et al. Dynamics changes of dry mat-
ter accumulation of maize as affected by different quantity of nitro-
gen and phosphorus and potassium[J]. China Journal of Soil Sci-
ence, 2007, 38(3): 495-499. (in Chinese)

[10] EFHHL, i, uk W, 45 . FPIEXT 5 TR B M sh A A

YT TR AR BT TE )], A S8 ARl 24417, 2000,
2144 F): 148-1521 .
Wang C Z, Ge HF, Yao G, et al. Studies on the effect of potassium
fertilizer on dynamic model of N. P. K. uptake by spring maize and
its productivity[J]. Journal of Inner Mongolia Agricultural Universi-
ty, 2000, 21(S1): 148-1521. (in Chinese)

(1] 2% 3 SRS RE, B, 45 . B0 s 7 BROK ™ i R
FIHBEIRET] . AEYE TR S AR A4, 2012, 18(4): 832-838
Li B, Zhang ] W, Jin L B, et al. Effect of K fertilization on yield, K
use efficiency of summer maize under high yield conditions[]J].
Plant Nutrition and Fertilizer Science, 2012, 18(4): 832-838. (in
Chinese)

[12] 3CHH o) 8, G408 . BPRE TN FREF R TR AR
SRR GBI AP E SR 5 IEE AR, 2009, 154):
799-807 .

Li W J, He P, Jin J Y. Potassium nutrition on dry matter and nutri-

ents accumulation and translocation at reproductive stage of maize



66

ESP S

i

2y,
e

224

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J] . Plant Nutrition and Fertilizer Science, 2009, 15(4): 799-807.
(in Chinese)

2 N R, T W, AREERG R T YRR RS
BRI YR ] . AR TR S TR, 2011, 17(2): 325~
332.

Li S, Peng Y F, Yu P, et al. Accumulation and distribution of dry
matter and potassium in maize varieties released in different years
[J]. Plant Nutrition and Fertilizer Science, 2011, 17(2): 325-332.
(in Chinese)

FEOCHE BRI, X M, A R R TSR B
I RS LR s )] . R E R SRR R, 2013, 19(1):
26-36 .

Qi W Z, Chen X L, Liu P, et al. Characteristics of dry matter, accu-
mulation and distribution of N, P and K of super—high-yield sum-
mer maize[J]. Plant Nutrition and Fertilizer Science, 2013, 19(1):
26-36. (in Chinese)

Glass A D M. Varietal differences in potassium uptake by barley[J].
Plant Physiology January, 1980, 65(1): 160-164.

AL S5, TRORAE A | O IR T oK DR 5 i R A 1
TSR] . R 37 SRR, 2005, 11(4): 556-559 .

Lii F T, Zhang X S, Zhang B H, et al. Study on the ability of potassi-
um absorption and tolerant to low potassium for different genotype
maize[]]. Plant Nutrition and Fertilizer Science, 2005, 11(4): 556~
559. (in Chinese)

Zhang G P, Chen ] X, Tirore E A. Genotypic variation for potassi-
um uptake and utilization efficiency in wheat[J]. Nutrient Cycling
in Agroecosystems, 1999, 54: 41-48.

Duvick D N. The contribution of breeding to yield advances in
maize(Zea mays 1.)[J]. Advances in Agronomy, 2005, 86: 83-145.
MRinse OkEE R 52, RERCR R IR BT
TEH#4%,2004,30(10): 1014-1018.

Chen F J, Mi G H, Chun L, et al. Analysis of heterosis for nitrogen
use efficiency in maize[J]. Acta Agronomica Sinica, 2004, 30(10):
1014-1018. (in Chinese)

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Presterl T, Seitz G, Landbeck M, et al. Improving nitrogen—use effi-
ciency in European maize: estimation of quantitative genetic param-
eters|J]. Crop Science, 2003, 43: 1259-1265.
Hirel B, Gouis J L, Ney B, et al. The challenge of improving nitro-
gen use efficiency in crop plants: towards a more central role for ge-
netic variability and quantitative genetics within integrated ap-
proaches[J]. Journal of Experimental Botany, 2007, 58: 2369-2387.
i, ks S AL X 7R R IR M A M 3
WR[T] . FoKBREE,1999,7(3):68-72 .
He P, Jin J Y. Dynamics and models of N, P and K absorption by
spring maize as influenced by nitrogen and potassium interaction
[J]. Journal of Maize Sciences, 1999, 7(3): 68-72. (in Chinese)
L A | I I SR el WD O D= I B S T
JEAYRZILT] . £ IEAEEL, 2004(1):25-26 .
Guo Z Y, Meng X F, Zhang M, et al. Effects of nitrogenous, phos-
phate and potash fertilizer on yield and quality of summer maize[J].
Soil and Fertilizer, 2004 (1): 25-26. (in Chinese)
(IS i o I I DU W=/ s 7 S S €
A B A B SEIAL]  AE SRS TR 4R, 2005,
11(5):620-626 .
He P, Jin J Y, Li W ], et al. Comparison of potassium absorption,
yield and quality between high—oil and common corn affected by
potassium application[J]. Plant Nutrition and Fertilizer Science,
2005, 11(5): 620-626. (in Chinese)
SRS RUASR HRIEVE S L ANIR] KD B X R 2R ORI
BYRIFFELI] . BoAKRR2,2000,8(1): 74-76 .
Guo Q, Zhao J R, Teng H T, et al. Studies on potassium uptake and
utilization of different maize[J]. Journal of Maize Sciences, 2000, 8
(1): 74=76. (in Chinese)
Moll R H, Kamprath E J, Jackson W A. Analysis and interpretation
of factors which contribute to efficiency of nitrogen utilization[J].
Agron. J., 1982, 74: 562-564.

(A% 4 £4R4R)



