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Fig.1 Schematic diagram of experiment plot
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Table 1 Physical properties of soil profile at YiChang experimental site

5 R K WURiZH A Soil particle gradation/% -5 M T HUT T 405 pH {i
Soil depth/cm Bulk density/(g-cm™) FkL Clay Kk Silt ki Sand Soil texture Organic matter/(g-kg™") pH value
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Fig.3 Salt content changes of 0-20 cm depth during sunflower’s growing period
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Table 2 Effect of salinity and nitrogen fertilizer on percentage of sunflower emergence

wAAF

H % Emergence/%

Salinity levels MK Ny (90kg-hm™)

A2 Ny (135kg-hm™)

FEEACE N3 (180kg-hm™) ¥{H Mean

S (<0.25%) 93.8ab 97.9a 97.9a 96.5

S, (0.25%~0.5%) 91.7ab 91.7ab 91.7ab 91.7

Sy (>0.5%~1.0%) 62.5¢ 83.3abc 72.9bc 72.9

Sy (>1.0%) 22.9d 25.0d 33.3d 27.1
¥J{H Mean 67.7 74.5 74.0

Ee R FElas by oo d B BEMIKP 5% LSD £ HUA AR g 25 R A os ab B B TE R (P<0.05), R

Note: Symbols follow each number indicate the LSD multiple comparison results at 5% significant level (P<<0.05). The same as below.
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Table 3  Effect of salinity and nitrogen on sunflower height, leaf area and above-ground dry weights
M RAE (LLAEN 1D
T H oy K Nitrogen application rate levels
Item Salinity levels KT N, HHEE KT Na R N, B M
(90kg-hm™) (135kghm™®) (180 kghm™) iR Mean
S, (<0.25%) 145.5abe 152.67a 155.2a 151.1
S, (0.25%~0.5%) 138.2bc 146.3abc 149.3ab 144.6
3] 0 0
Plant height/cm S; (>0.5%~1.0%) 101.7d 137.2¢ 137.8bc 125.6
Sy (>1.0%) 82.8f 89.2ef 99.8de 90.6
¥J{H Mean 117.0 131.4 135.5
S; (<0.25%) 8190.2ab 8218.5ab 9886.9a 8765.2
S, (0.25%~0.5%) 8263.0ab 7972.6ab 8667.7ab 8301.1
i 7
Tl 2 S; (>0.5%~1.0%) 4645.4cd 6746.5bc 6459.9bc 5950.6
Leaf area/cm
Sy (>1.0%) 2690.6d 4246.4cd 3966.3cd 3634.4
¥J{H Mean 5947.3 6796.0 7245.2
S; (<0.25%) 16000.5abed 17996.0ab 16038.4abcd 16678.3
. 0/ ~ 0,
W 4T B S, (0.25%~0.5%) 20939.6a 15716.6abcd 13049.4abcde 16568.5
Above-ground dry S; (>0.5%~1.0%) 7297.3e 16652.7abc 12377.5bede 12109.1
. o2
weights/(kg-hm’™) Sy (>1.0%) 8126.3de 9427 8cde 11597.2bcde 9717.1
B Mean 13091.0 149233 13265.6
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Table 4 Effect of salinity and nitrogen on sunflower nitrogen uptake and nitrogen use efficiency

MESCR /K (LL4E N 1) Nitrogen application rate levels (N)

5 AP — — P
Item Salinity levels TRMERRT Ny PR N, P EIRT Ny M Mean
(90kg-hm™) (135kg-hm™?) (180kg-hm?) -
S (<0.25%) 55.9ab 59.8ab 67.6ab 61.1
S S, (0.25%~0.5%) 55.9ab 56.1ab 61.1ab 57.7
Nitrogen Sy (>0.5%~1.0%) 33.1b 52.0ab 54.9ab 46.7
2
uptake/(kg-hm™) Sy (>1.0%) 30.8b 43.7ab 58.0ab 41.8
I Mean 43.9 52.9 58.6
S (<0.25%) 66.0a 44.3b 33.5bc 47.9
SURFIH 2 NU,E S, (0.25%~0.5%) 60.9a 42.8b 28.0c 43.9
Nitrogen use S; (>0.5%~1.0%) 31.9bc 32.1bc 28.7¢c 30.9
. -1
efficiency/(kgkg™) Sy (>1.0%) 8.2d 10.9d 11.3d 10.1
Y Mean 41.7 32.5 25.4
FUEAI I (NULE) 6767 5 5 il J A L NEP=R-TC (3)

H, & GG A s A FHE R SR 1 fe
RO N 4 R LR, 3 it EUREAKCE R A
RO 534 it -4 6 73 6 5 1R 38 o i ARG, 7k
HACTH S B S, 115 3 i =K F IS
HEF 50 IR T 87.61%. 75.47%H1 66.32%.
MANE B AR ACE R, B AR S BRI %
MM, 2 4585 Eh KA Sy AT S, I, NULE
SR = b 1 A NP (ST e w0 S )
Sy Fl SyIsf, NULE Rifi 5 Jiti & & 18 N2 3 /i |
PARIOESKE S el e G (A1 P VA C 9 EE|
BRI R, 1M /KPR I, TSR
FH A S5 B v K il 2R 1 DA i % e e I )
%,
2.5 BRFESZFHESH
H T T AN 3 B AT R BB i R
& S (net economic profit, NEP) [HiF5HJs
wnk (D)~ (3) Fros.
R=Y XP (D
TC=NA X NP 2

s R AEIES, J0/hm?; Y S ZEAE 7 &, kg/hm?;
P JiRIG IR ZE LAl (LD5009) 7F 24 Hh [ A%
4%, 9.60 Ji/kg; NA Jyji FIALRHE R, ke/hm?s
NP Jyjiti FHIERHE 54, 78/kg: TC A B3, 76/hm’,
RS R B AR 2T, B 50 kg (KR 2
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Table 5 Effect of salinity and nitrogen on sunflower yield and net economic profit

iR K (BA2E N 1) Nitrogen application rate levels (N)

T H K — — —_—
Ttem Salinity levels 155)5@%/J<HZN1 EP%F@%\/JGE N, l%ﬁﬁff&/k*_st PIE Mean
(90kg-hm™®) (135kg'hm™) (180kg-hm™)
S, (<0.25%) 5935.64ab 5972.99ab 6030.59a 5979.74
SRR e S (025%~05%) 5480.47ab 5776.46ab 5548.25ab 5601.73
Air-dried seed yield of S5 (>0.5%~1.0%) 2871.31cd 4335.03bc 5169.45ab 4125.26
sunflower/(kg'hm™) Sy (>1.0%) 735.24¢ 1465.57de 2030.98de 1410.60
I Mean 3755.66 438751 4694.82
S, (<0.25%) 5.49a 5.51a 5.54a 5.51
Vil 25 NEP Sy (0.25%~0.5%) 5.06a 5.32a 4.60a 4.99
Net economic S; (>0.5%~1.0%) 2.55bc 3.94ab 4.72a 3.73
profit/(10*76-hm?) Sy (>1.0%) 0.50d 1.18¢cd 1.70¢d 1.13
¥J{H Mean 3.40 3.99 4.14
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Fig.6 Net economic profit in different soil salinity levels vary
from nitrogen application rates
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Interactive effect of salinity and nitrogen application on sunflower
growth

Zeng Wenzhi, Xu Chi, Huang Jiesheng*, Wu Jingwei, Gao Zhen
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: For understanding the interaction effect of salinity and nitrogen on sunflower growth, complete block
design experiments were conducted in Hetao Irrigation District of China, and the observation index included
sunflower emergency rate, plant height, leaf area, above-ground dry weights, nitrogen uptake, and yield. To be
more specific, 14 days after sowing, we observed the number of sunflower seedlings daily, and their emergence
rate was calculated by dividing the number of seedlings 14 days after sowing by the total seeds of sunflowers.
Furthermore, the leaf area was measured by a portable leaf area meter (YMJ-C, TuoPu, China), and plant height
was measured by tape. After the sunflowers were harvested, sunflower seeds were weighed after air-drying
(moisture <8%), and then sieved to remove debris; two uniform plants from each lysimeter were manually
uprooted at maturity for nitrogen uptake analysis and determination of biological yield. These plants were
partitioned into flower disks, stems, leaves, seeds, and roots, were weighed after drying at 70°C to a constant
weight, and the biological yield of each component was recorded. In order to determine nitrogen uptake, samples
of each plant part were grinded and screened through a 0.5 mm sieve. Total nitrogen concentration was
determined by the micro-Kjeldahl method, and the ratio between seed yield and nitrogen application was selected
as the evaluation indictor for nitrogen use efficiency of each micro-plot. The experimental results indicated that
soil salinity significantly affects sunflower growth, and that the soil salinity level of S4( >1%) could reduce 72.0%
emergency rate, 40.0% plant height, 58.5% leaf area, and 76.4% yield related to the S;(0-0.25%) salinity level.
Furthermore, sunflower emergence has a negative linear relationship with soil salinity in different nitrogen
application rates. A nitrogen fertilizer application could alleviate the adverse effects of salinity on sunflower
growth to some extent. To be more specific, at the S; salinity level (0.5%-1.0%), increasing the nitrogen
application rate from N;(90 kg/hmz) to N3(180 kg/hmz) could increase the emergence rate, plant height, leaf area,
dry matter amount, and seed yield to 16.7%, 35.6%, 39.1%, 69.9%, and 80.0% respectively. Furthermore, when
the salinity level was above 1.0%, these 5 indicators increased 45.4%, 20.5%, 47.4%, 42.7%, and 76.2%
respectively. However, this relationship was not obvious when the soil salt content was smaller than 0.5%. In
addition, although sunflower nitrogen uptake increased with nitrogen application, the nitrogen use efficiency
(NU,E) was also affected by the soil salinity level. More exactly, when the soil salt content was smaller than 0.5%,
the NU,E decreased with the nitrogen application, and the opposite phenomenon occurred when the soil salt
content was larger than 0.5%. Moreover, taking economic profits, environment production, and irrigation schedule
into consideration, we suggested the optimal nitrogen application rate for sunflower growth in the Hetao Irrigation
District was 135 kg/hmz.

Key words: soils; salts; irrigation; interaction; nitrogen application rate
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