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1
Table 1 Net photosynthetic rate of millet flag leaf at different growth
stage under different treatment pmol « m™? ¢ 57!
P,
Water Nitrogen
treatment treatment HS EI“S I4FS MS
W1 N1 14.20+0.89 d 13.33+1.36 ¢ 10.73+1.07 d 5.93+1.01 f
N2 13.90+0.92 d 15.17£0.72 d 11.53£0.38d 9.57+1.33d
N3 11.83+1.70 e 15.07+0.91d 10.07+0.85d 8.33+1.29 de
w2 N1 16.00+0. 61 be 15.40+0. 26 d 10.53+2.57 d 6.97+0.42 ef
N2 17.0040. 98 b 18.90+1.30 b 15.2340.57 ¢ 12.1740. 84 be
N3 15.33£0.40 cd 20.8340.42 a 17.83+0.42 ab 11.30+£0.36 ¢
w3 N1 15.53+0. 31 bed 17.00+1.39 ¢ 11.33+1.89 d 9.23+0.42d
N2 17.10+0.66 b 20.634+0.31 a 19.63+1.14 a 15.33£0.25 a
N3 18.93+0.85 a 21.80+0.66 a 16.53=+1. 40 be 13.0340.47 b
F  F value 44, 62%* 79.99* * 35.00** 71.99**
N 1.83m 46.05%* 31.44** 89.42**
W X N 8.85** 3.55% 11.21** 2.36"
: HS. ; EFS. ; LFS. s MS. N + 7, (P<C0.05);
* k% 1% 5% .ns .

Note: HFS. Heading stage; EFS. Early filling stage; LFS. Late filling stage; MHS. Mature stage. Values were “means® standard errors”.

Different lowercase letters in each column mean significant difference (P<C0.05); * % and * indicate significant difference at 1% and

5% level respectively,ns indicates no significant difference. The same as following table.

2.2 .
C 2, . .
, 2.3
) 1 )
, s 13. 20 ¢,
. . 9.11 g,
, , . >
> . .
( ), ;
. 23.20% (P <C0. 05),
. 17.21% ~ 9.91% (P<<0.05),
29.14 % (P<<0.05), 12.09% (P<C0.05); ,
. 29.14 %, 27. 84%
. (P<<0.05), 5.58% (P>>0.05),
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2
Table 2 Total leaf area at different growth stage under different treatment cm?
Total leaf area
Water Nitrogen
treatment treatment HS EFS LFS MS
AVA! N1 505.40416.45 e 463.90+5.44 ¢ 376.37+13.30d 266.62+10.59 e
N2 544.80420.35d 482.74+9. 06 be 404.85+8.69 ¢ 334.974+10. 27 cd
N3 562.25410. 82 cd 484, 42+17.85 be 437.27+3.48 b 321.61+15.93d
w2 N1 537.51+6.55d 478.85+7.25 be 398.99421.33 cd 304.98+11.33 d
N2 593.70+18.36 b 523.54+11.74 a 474.68415.99 a 379.154+33.99 ab
N3 581.08+10. 88 be 482.47+8. 41 be 431.34+9.69 b 320.28+14.28d
w3 N1 556.904+13.75 cd 499.74+19.73 b 421.22+9.09 be 307.5446.20d
N2 621.20413.50 a 532.25+11.70 a 490.20419.01 a 400. 63+23.86 a
N3 592.9449.47 b 524.9447.28 a 439.96+8.59 b 358.4343.77 be
F  F value W 32.86%* 28.27*%* 25.817%* 18.03**
N 38.10** 14.30** 43,757 % 48.40% *
W X N 2.08ns 3.87* 9.13** 2.05ms
s s
> > . 10.87%,
s
s N N s
12.62% .28. 85% .22. 86 %, . .
N N s
15.92% .37. 61%.36. 22%; , .
16
‘g 14} a ?%7 a
g 121 cd % % c é7
_; 10| ¢ oo ge % 2
= z 7 ~
26} 7 7%
] 2
4 4F
. n Z
. Z Mz
WIN1 WIN2 WIN3 W2N1 W2N2 W2N3 W3N1 W3N2 W3N3

43 Treatment

(P<<0.05),

Different lowercase letters mean significant difference( P<C0. 05). The same below
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2.4

Yield per plant of millet at mature stage under different treatment
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Fig.2 Biomass per plant of millet at mature stage under different treatment

11. 04%.18. 36%,

3

’

The grain percentage and harvest index of millet at mature stage under different treatment

Water treatment

Nitrogen treatment

The grain percentage

/%

Harvest index

w1

W3

N1
N2
N3
N1
N2
N3
N1
N2

N3

82.3742.27 abc
81.9640. 90 be
82.4041.11 abc
82.6840.72 abc
84.58+1.78 a
82.824+1. 14 abc
81.4340.30 ¢
83.9841.60 ab

83.58+0. 44 abc

54.5743.18 be
53.79+2.48 ¢
54.4041. 02 be

55.40=+1. 80 abc

o

7.12

H

: 1. 58 abc
56.52+2.41 abc
53.53+1.20 ¢
58.4841.36 a

57.7641. 26 ab
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Table 4 Variance analysis on effect of different water and nitrogen levels on

millet yield, biomass, grain percentage, harvest index

F  F Value
Factor
Yield Biomass The grain percentage Harvest Index
W 64.31** 78.73*%* 1. 75 3.96%
N 30.517*%* 33.33*%* 2,470 2.75m
W XN 4.02* 3.12% 1.51m 1.85m
2.6 o s
s
o 5 , , ,
s °
s ’ N
H °
s N
s s o
5
Table 5 Water and nitrogen use efficiency of millet under different water and nitrogen levels
/ / /
(g=g™h (geg™h (g+g™ " / /
Water Nitrogen Nitrogen Nitrogen Nitrogen (gekg™ (gekg™H)
treatment treatment agronomic partial factor physiological Water use Water use
efficiency productivity efficiency efficiency of plant  efficiency of grain
Wi N1 — - — 1.652+0.06 ¢ 0.90£0.07 ¢
N2 2.90+1.44 ¢ 16.34+0.58 ¢ 36.124+6.96 b 1.82+0.02 b 0.98740.03 be
N3 0.51+0.48 d 11.144+0.27 e 8.71£8.30 ¢ 1.6940.04 ¢ 0.92740.02 ¢
W2 N1 — — - 1.6640.09 ¢ 0.92£0.07 ¢
N2 9.90+£3.40 b 21.06+1.36 b 51.4140.9 a 1.9740.09 a 1.124+0.07 a
N3 5.19+1.57 ¢ 13.740.45 d 30.364+3.87 b 1.8340.07 b 1.0340.03 ab
W3 N1 — — — 1.60+0.09 ¢ 0.8640.03 d
N2 12.25+1.90 a 22.5040.76 a 46.45+1.01 a 1.8840.05 ab 1.104+0.04 a
N3 9.14+1.82b 15.18+0.52 ¢ 34.714+2.39 b 1.8040.03 b 1.04=40. 04 ab
F  F value w 32.20%* 74.90** 28.80** 5.14% 8.59**
N 13.46** 357.92** 77.78** 34.36%* 28.62%*
W XN 0. 55 4,13* 4.00* 1.75 2.96%
s
o H
s s
H ’
H ’ o
o 5 ) . .

8.7l geg';

22.50 g+ g ',

b

0.51,11. 14

, 12,25,
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Effects of Water and Nitrogen Coupling on Growth,Yield and
Water and Nitrogen Utilization after Millet Jointing

CHANG Wengian', LIU Peng' and ZHAO Shiwei***
(1. College of Natural Resources and Environment, Northwest A&F University, Yangling Shaanxi 712100, China;
2. Institute of Soil and Water Conservation, CAS,MWR, Yangling Shaanxi 712100, China;
3. Institute of Soil and Water Conservation, Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract In order to provide reasonable water and nitrogen management basis for millet production in
different rainfall years in the mountainous area of Southern Ningxia,we took ‘Longgu 11’ as material,
water and nitrogen two-factor and three-level complete combination pot experiment (soil water holding
capacity in 50%, 70% ., and 90% soils, and N application rates of topdressing N fertilizers of 0
g+ kg™,0.1 g+ kg' and 0.2 g + kg™' after millet jointing) were used in this study to study the
effects of growth, production and water and nitrogen use efficiency of different water and nitrogen con-
ditions on millet after jointing. The results showed that the middle nitrogen treatment significantly in-
creased the net photosynthetic rate, total leaf area,grain yield,plant biomass, nitrogen agronomic effi-
ciency,nitrogen partial productivity and nitrogen physiological utilization rate of millet at the same wa-
ter level. Under the same nitrogen application rate, with the increase of soil water content, the grain
yield,nitrogen agronomic efficiency,nitrogen partial productivity and nitrogen physiological utilization
rate of millet increased significantly. In this experiment, middle nitrogen treatment delayed the senes-
cence of millet plants under different soil water conditions,and maintained a higher net photosynthesis
rate of flag leaf at the late growth stage.and obtained the highest grain yield, plant biomass, harvest
index,nitrogen agronomic efficiency, nitrogen partial productivity under a sufficient water condition.
At the same time, the results also showed that, under the suitable environmental conditions, millet
achieved the goal for higher grain yield by increasing the overall biomass and the transport distribu-
tion.

Key words Millet; Yield; Biomass; Net photosynthetic rate; Total leaf area; Water and Nitrogen use

efficiency
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