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Effect of spatio-temporal deficit irrigation and nitrogen supply on water and
nitrogen use of tomato
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Abstract For sustainable water use in protected agriculture, crop-specific and water-saving irrigation techniques that do not
negatively affect crop productivity must be developed. Globally, successful attempts have been documented regarding the use
of deficit irrigation methods. Regulated deficit irrigation (RDI) and controlled alternate partial root-zone irrigation (CRAI)
have been used to improve irrigation water use efficiency (IWUE) of various crops. Because nitrogen (N) has been the most
widely used fertilizer, N demand was likely to grow in the future. Thus the optimization of water and fertilizer use in vegetable
production was a critical water/fertilizer-saving strategy. Four irrigation treatments under CRAI and three N levels were
explored for optimum modes of water and fertilizer supply in vegetable production under water-saving irrigation in a pot
tomato experiment. The irrigation treatments were WyWy (high water level through out growth period), WyW_ (high water
level at flowering and fruit-setting stages with low water level at full-fruit stage), W, Wy (low water level at flowering and
fruit-setting stages with high water level at full-fruit stage) and W W (low water level through out growth period). Then the N
levels included Ny [high N, 0.45 g(N)kg™'], Ny [medium N, 0.30 g(N)kg™'] and N, [low N, 0.15 g(N)-kg™']. Using

conventional irrigation (CI) as control experiment, the effect of spatio-temporal of deficit controlled deficit irrigation (STCDI),
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which combined RDI and CRAI, and N rates on the vegetative parts of tomato dry matter accumulation (DMA), irrigation

water use efficiency IWUE), N accumulation (NA) and soil water and mineral N distribution were studied. Compared with CI,
the results showed that WyWy, W Wy, WyW| and W W under CRAI decreased tomato DMA by 4.52%, 11.93%, 17.76% and
23.94%, respectively. They respectively decreased NA by 1.74%, 12.86%, 15.50% and 22.47%. The four irrigation treatments
decreased N dry matter production efficiency (NDMPE) by 2.24%, 3.93%, 2.55% and 0.89% and increased IWUE by 12.39%,
8.99%, 15.02% and 12.96%, respectively. DMA, IWUE and NA of Ny; were highest under CRAI. Compared with N, Ny; and
Ny decreased tomato NDMPE by 6.87%-12.70% and 17.81%-24.38% while increasing soil NO; -N content by
31.64%—-159.58% and 57.37%—-297.37%, respectively. High DMA, IWUE and NA were obtained under WyWy, CRAI and Ny,.
The optimum mode for water and N supply under CRAI was 80% of CI irrigation (which was 70%—85% of soil field capacity)

and nitrogen rate of 0.30 g(N)-kg™'(dry soil).
Key words
accumulation, Water and nitrogen use, Tomato
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Table 1 Variance analysis of spatio-temporal deficit controlled irrigation, nitrogen supply and their interaction on water and
nitrogen use of tomato (P value)

CRAI CI
Use of water and N A B C AxB AXC BxC AXBxC C

Root 0.054 0.032 <0.001 0.107 0.815 0.475 0.512 0.064

Dry mass accumulation
Canopy 0.049 <0.001 <0.001 0.862 0.444 0.411 0.747 0.068
Total 0.027 <0.001 <0.001 0.833 0.131 0.426 0.695 0.470
IWUE 0.475 0.379 <0.001 0.849 0.138 0.614 0.629 0.062
Root 0.111 0.109 0.006 0.098 0.481 0.064 0.214 0.006

N accumulation
Canopy 0.018 0.004 <0.001 0.179 0.067 0.685 0.211 0.042
Total 0.008 0.001 <0.001 0.470 0.021 0.635 0.289 0.018
NDMPE 0.994 0.432 <0.001 0.340 0.350 0.826 0.552 0.026
CRAI ; CI s 70%~85%; IWUE ; NDMPE

R CRAI was controlled alternate partial rootzone irrigation. CI was conventional sufficient irrigation to keep soil
water conent at 70%—-85% field capacity. IWUE was irrigation water use efficiency. NDMPE was N dry mass product efficiency. The same
below. A: irrigation at flowering and fruit set stage; B: irrigation at full fruit stage; C: N rate.
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Fig. 1 Effect of spatio-temporal deficit controlled irrigation and nitrogen supply on dry mass accumulation and irrigation water use
efficiency of tomato
Wo , WyWy , WyWy , WiWy
, WLW, ; 80%W,,
60%W, W, was irrigation quota of CI. Wy Wy was high water level at whole growth period under CRAI; Wy W was high water level at

flowering and fruit set stage, while low water level at full fruit stage under CRAI; Wi Wy; was low water level at flowering and fruit set stage,
while high water level at full fruit stage under CRAI; W W was low water level at whole growth period under CRAIL. Wy is 80% W, and W
is 60%W,. The same below.
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Fig. 2 Effect of spatio-temporal deficit controlled irrigation and nitrogen supply on nitrogen distribution and accumulation and nitrogen
dry matter production efficiency of tomato
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Table 2  Effect of spatio-temporal deficit controlled irrigation and nitrogen supply on soil water distribution in two root zones of tomato

%
Soil layer (cm)
0~7 7~14 14~21 21~28
Irrigation mode Irrigation level N level
Left Right Left Right Left Right Left Right
CRAI WyWy High 31.71a 26.52¢ 30.07ac 26.74ac 30.11ac 26.60ac 29.10ac 26.56ac

Middle 31.74a 25.58ad 30.03ad 25.93ad 29.03ad 26.18ad 28.49ad 26.55ad

Low 28.91a 22.23ae 27.05ae 22.45ae 25.21ae 21.10ae 22.63ae 20.33ae

WuWy High 30.26b 25.11bc 29.63bc 26.27bc 28.94bc 25.50bc 27.72bc 25.23bc
Middle 30.09b 20.71bd 26.20bd 20.65bd 24.25bd  20.13bd 24.71bd 19.60bd

Low 27.11b 17.99be 24.46be 19.02be 23.31be 18.53be 21.09be 17.67be

Wi Wy High 31.32a 29.45ac 30.16ac 27.27ac 29.48ac 27.44ac 28.97ac 27.52ac

Middle 31.49a 26.73ad 28.74ad 25.96ad 28.50ad 25.59ad 28.14ad 25.75ad

Low 31.12a 23.04ae 28.34ae 24.09ae 27.45ae 23.59ae 27.32ae 22.81ae
WiWr High 27.42b 21.58bc 26.82bc 22.34bc 26.33bc 22.03bc 24.95bc 21.20bc
Middle 27.46b 19.31bd  26.42bd  21.22bd 25.35bd  20.85bd  23.85bd  20.77bd
Low 24.89b 16.48be 23.20be 19.04be 21.81be 18.74be 19.48be  17.92be
CI WoW, High 27.31a 26.58a 26.84a 25.55a
Middle 27.11a 27.11a 25.60a 24.43a
Low 25.07a 24.75a 23.57a 22.70a
0.05 s Different small letters indicate significant difference among treatments at
0.05 level. The same below.
(P<0.05), 7~28 cm ,
(P<0.05),
(P>0.05) 21~28 cm ,
s > 5
17.11% , )
S 7~28 cm
11.23%~31.60%  5.92%~19.77%
) ¢ 3

2.06%~5.69% (P<0.05),
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Table 3  Effect of spatio-temporal deficit controlled irrigation and nitrogen supply on soil nitrate nitrogen distribution in two root

zones of tomato mgkg™

Soil layer (cm)

0~7 7~14 14~21 21~28
Irrigation mode Irrigation level N level
Left Right Left Right Left Right Left Right
CRAI WuWy High 39.83a 39.14a 76.03acf 66.99acf 101.48acf  94.45acf 97.48a  104.90ad

Middle 36.82b 29.25b 55.18adf  48.29adf 73.39adf  79.15adf 97.99b 86.32bd
Low 26.41c 24.97c 26.31aef 30.25aef 33.55aef  35.25aef 55.57¢ 53.94cd
WuWL High 45.53a 47.06ae  90.64bcg  88.70bcg 111.69bcg 103.51bcg 107.45a  107.15ae
Middle  30.09b 29.49bf  59.21bdg  43.80bdg 88.29bdg  80.25bdg 96.10b 79.96be
Low 21.33c¢ 25.82cg  22.81beg  22.51beg 51.93beg  53.62beg 58.35¢ 53.80ce
WL Wy High 41.88a 45.42a 76.13ach  59.89ach 112.15ach ~ 94.9ach 111.32a  107.08af
Middle  35.09b 33.49bf  62.21bdg  47.80bdg 88.29bdg  80.25bdg 96.10b 79.96be
Low 29.15¢ 27.10c 28.81aeh 27.30aeh 45.25aeh  39.00aeh 58.49¢ 57.62cf
WL WL High 45.16a 47.98ae  102.37bci  107.55bci 104.22bci  106.46bci  102.65a  122.31ag
Middle  34.82b 27.3bf 62.97bdi 59.49bdi 105.78bdi  93.35bdi 99.72b 85.42bg
Low 29.90c 31.06cg  37.76bei 28.61bei 41.10bei  51.73bei 65.23¢ 64.89cg

CI Wo Wy High 36.53a 77.08a 107.22a 102.71a
Middle 25.60b 62.67b 86.64b 82.15b
Low 21.83¢ 40.76¢ 41.56¢ 42 .94c¢
7~21 cm (P<0.05) , ,
31.64%~159.58%  57.37%~ : ,
297.37% , ,
16.62% , ,
7~21 cm 13.41% 14.36% (9] (
1.79%, 7~21 cm R 5 ;
8.36% ,
, )
3.2
5.25%,
[18,20] ’
3 W54
3.1 :
, 1.13 1.16 127
[18]
, 17.29%~ (21]

37.07% , (
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