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The relationship between dynamic change in nutrient contents and biomass and
yield of tomato under coupled irrigation and fertilization in greenhouse

WANG Hu-bing, CAO Hong-xia, HAO Shu-xue, PAN Xiao-yan
( College of Water Conservancy and Architectural Engineering, Northwest A&F University, Key Laboratory of Agricultural Soil
and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Yangling, Shaanxi 712100, China)

Abstract; This paper combined drip irrigation technology under mulch in order to explore the changes in nu-
trient dynamics of tomato plant and its influence on biomass and yield under different water and fertilizer regulation,
which aimed to provide theoretical basis for optimum local water and fertilizer management. Through field experi-
ments, the irrigation amount was established based on accumulative evaporation (E) of two irrigation intervals for a
standard pan (20 cm). Water volumes were set as 1.0E (W1), 0.75E (W2) and 0.5E (W3) and fertilizer treat-
ments of N=P,0,-K,0(F) were set as F1: 320-160-320 kg - hm™*, F2: 240-120-240 kg - hm™, F3: 160-80
—160 kg - hm™. Nine treatments were included. The results showed that tomato yield and dry matter were significan
tly affected by the irrigation and fertilization and positively correlated with increasing irrigation water and fertilizer.
The high water treatment ( W1) increased fruit yield and dry matter by 16.5% compared to low water treatment
(W3). FI increased yield and dry matter by 8% and 9.6%, respectively, over F3 treatment. The nitrogen (N)
content of plant ranged between 1.81% and 3.47% and decreased with increasing the growth period, phosphorus
(P) content showed " serration" volatility between 0.48% to 0.78% , and potassium ( K) content increased first

and then decreased ranging between 2.80% and 4.79% with growth period. Irrigation and fertilizer had a significant
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influence on N, P (51,63 d after transplanting) and K. The N and K contents increased with increasing irrigation

and fertilization. In W1 treatment, N and K content increased by 7.4% ~20.0% and 5.6% ~25.7%, respectively,
over W3 treatments. Comparing with F3, F1 increased N and K content by 3.3% ~20.8% and 3.3% ~26.4% , respec-

tively. There was a significant negative correlation between dry matter and plant N and K, and a significant positive

correlation between yield and plant N and K in growth stage. When irrigation amount was high, the NUE was smaller,

but the UPE and the PFP of plant nutrients were higher. The high fertilizer amount resulted in small NUE.

Keywords: greenhouse tomato; irrigation and fertilization coupling; dynamic changes of nutrient content; dry

matter; yield; partial factor productivity of fertilizer
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Effects of irrigation amounts on total dry biomass of greenhouse tomato under different fertilizer levels
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Table 1  F-statistics assessing the effects of irrigation and fertilization treatment on
total dry matter, and contents of N, P and K of tomato
. SEMLJG KB Days after transplanting/d
BA% Inde PHH Treatment
AR Index HERE Trcatmen 51 63 76 89 102 117 130
WEWE Trrigation 7.83" " 417" 7.69% " 10.29 " * 13.05" " 10.94* * 6.58" "
TR JiHE Fertilization 16.30" " 3.37 ns 5.12% 3.88" 4.10" 3.20 ns 4,52
Total dry matter BEY
Y | PRBOERE 0.31 ns 0.91 ns 0.17 ns 0.97 ns 0.25 ns 0.42 ns 0.21 ns
TrrigationXFertilization
HEWE Trrigation 535" 21.72" 10.13* " 6.26" " 16.05* * 23.18" " 13.56* *
R AL Fertilization 431" 15.50** 14.59%* 5.00" 11.61** 23.55% 14.22**
N content brg
. (E(E}EX};@HE . 0.26 ns 1.92 ns 0.47 ns 0.65 ns 0.08 ns 0.65 ns 0.25 ns
TrrigationXFertilization
WEWE Trrigation 527" 8.14* " 1.99 ns 0.70 ns 2.58 ns 3.21 ns 0.47 ns
o i JiAE Fertilization 5.80" 4.14" 3.30 ns 445" 0.95 ns 0.17 ns 0.56 ns
P content )
HEBOHIE 1.09 ns 3.42° 0.20 ns 0.16 ns 0.65 ns 0.76 ns 0.69 ns
TrrigationXFertilization
HEWE Trrigation 5.24* 8.24" " 1271 20.68 " * 6.26" " 29.94* " 29.98* *
B JAL Fertilization 6.57° " 3.72* 10.81° " 16.16* * 4.68" 14.11"* 37.31% "
K content BEY
HEBE X 0.43 ns 0.19 ns 1.77 ns 0.53 ns 0.67 ns 0.77 ns 1.46 ns

TrrigationXFertilization

.o FREFEF(P<0.05), * * FREFWEH (P<0.01) ,ns FRALRE, FH,

Note: * means significant difference at P<0.05, * * means significant difference at P<0.05, ns means not significant. The same below.
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Fig.5 Correlation between total dry biomass and nutrient accumulation, total dry biomass

and nutrient content of greenhouse tomato
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Table 2 Effect of different irrigation amount and fertilizer on yield and the nutrient uptake and use efficiency of tomato

W KT AT AP N P,05 K,0 MRS PR
Irrigation  Fertilizer F| %% NUE W R UPE  FIFZCR NUE WUR UPE R HECR NUE W8CR UPE PFP Yield
level level /(kg-kg) / (kg-ke') /(kg-kg") / (kg-kg") /(kg-kg') / (kg-kg') /(kg-kg™') /(t-hm™)
F1 518.8d 0.61de 1889.79ab 0.34cde 315.7¢ 1.02cde 127.58f 102.06a
W1 2 558.1cd 0.73¢ 2002.01ab 0.40c¢ 346.4bc 1.17¢ 162.62d 97.57ab
F3 579.6bed 1.01a 1893.87ab 0.61a 348.1bc 1.68a 233.01a 93.21he
F1 553.1cd 0.54ef 1913.06ab 0.31e 330.8bc 0.91ef 119.74f 95.79hc
w2 F2 593.2abed 0.65¢d 1998.14ab 0.39¢d 400.5ab 0.98def 153.70de 92.22¢d
F3 630.9abc 0.87b 2201.49a 0.50b 393.9ab 1.39h 218.57b 87.43de
F1 527.7cd 0.50f 1679.16b 0.32de 316.4c 0.84f 105.38¢ 84.31ef
w3 F2 673.9ab 0.54ef 2145.49a 0.34cde 426.4a 0.85ef 144.40e 86.64e
F3 688.1a 0.74c 2045.51ab 0.50b 447.6a 1.13cd 201.13¢ 80.45f
HEWBE Trrigation * % * % ns % % ® % % s . -
Jit Al Fertilization * %k ns * % ® % %o -
TR T < it A
ns ns ns ns ns ns ns ns

TrrigationXFertilization

T AFVNE THRER A R BLR 19 2252 835 (P<0.05) s NUE \UPE \PFP 5y 138 9753 R RIBCR O8RSO 7 7

Note; Different lowercase letters indicate the significant difference of irrigation and fertilization treatment ( P<0.05). NUE, UPE and PFP indicate

the nutrient use efficiency, nutrient uptake efficiency and partial factor productivity of fertilizer, respectively.
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P S BRI, G B T R B R G B
FHED VLR 3 B o3 (6] 78 FHO6E 7 5 109 5% i) S 52 %

(0, AR AR B W L R 25 BEC LU A RE
b kA
®3 BREBMTEMEKRFISEMNHELXR
Table 3 Correlation between tomato yield and plant

nutrient content in greenhouse

Iyt
Nutrient

content 51 63 76 89 102 117 130

FEFEJE AL Days after transplanting/d

AN 0802%" 08" 0847 084" * 0905° * 0.893* * 0.82* *
WP 0592 0408 0481 0408 0471 0661 0581
BIK  0900%* 0942 * 0907* 0956 * 0.881* * 0907 * 0.835"*

x4 BREBWMTENMERFSSENOEAXE

Table 4 Regression relationship between tomato yield and plant nutrient content in greenhouse

FE BT KA (81575 F e ZE R PAH
Days after transplanting/d Regression equation Determination coefficient P value of significant test
51 Y =-26.99 + 4606.00Xy - 10420.67X, + 828.46X 0.887 0.009
63 Y =-37.66 + 1340.25X + 486.75X, + 2063.55X 0.888 0.008
76 Y = - 32.32 + 1449.74X + 7507.79X, + 1046.04X 0.913 0.004
89 Y =-9.84 + 1320.72X + 2107.31X, + 1456.13Xy 0.936 0.002
102 Y = - 36.28 + 865.04X + 5959.10X, + 2057.76Xy 0.875 0.011
117 Y = 7.97 + 2711.36X + 3598.24X, + 201.01Xy 0.809 0.030
130 Y = -3.92 +4344.61X + 2606.10X, — 384.10X 0.829 0.023

T Y FOR M SR, Xy Xp X MBI B S A,

Note: Y indicate the total yield of tomato, Xy X}, and X mean the plant of N, P and K contents, respectively.
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