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Table 1 Fertilizer treatments designed

FRori i/ (g/kg)

ﬁ? Kb F Treatment Nutrient application rate
N K Ca Zn Fe

T1 N K,Ca;ZnFe;  0.560 0.420 0.330 0.163 0.111
T2  NK,CaZnFe, 0560 0210 0.165 0081 0.055
T3 N,K,Ca;Zn,Fe,  0.280 0.420 0.330 0.081  0.055
T4 N,K,Ca,Zn,Fe;  0.280 0.210 0.165 0.163 0.111
T5 N K,Ca,ZnFe,  0.560 0.420 0.165 0.163 0.055
T6 N K,Ca;Zn,Fe,  0.560 0.210 0.330 0.081 0.111
T7 N,K,CayZn,Fe;  0.280 0.420 0.165 0.081 0.111
T8 N,K,Ca,ZnFe,  0.280 0.210 0.330 0.163 0.055

L ARH P R 1L 87K 20 FIAl. Note: High level is

1, low level is 2. The same as below.
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kg/hm? AK/KF- 45 kg/hm*; Bk AE (B AR E 2k 18%4) « /4
Bk 70 kg/hm? Ik £k 35 kg/hm?. % FH 7ty 20 B 4%
Jil AFPZEJE . /NI N BRATIE 1 m<0.8 m, 4
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fifi F§ First Strand cDNA Synthesis Mix i 5l & & %
cDNA % —4% , #:17 qRT-PCR, T H 59 AN 2
S W2 2, R H Mx3005P %¢ )¢ & & PCR X Fll

Chemo HS qPCR Mix if | & i# 17 qRT-PCR 41l .
20 pL AR R 1.5 pLBIAR (cDNA) .0.8 pL ¢ 575
¥ .0.2 pL. Low POX Dye, 10 pl. Taq SYBR Green
PCR Master Mix, ddH,O #h 5% 20 pl. [ I F2 7
95 °C 5 min; 2R J5 95 °C 205,57 “C 205,72 °C 30 s, 40
MEH . B ICE 4 REXE . QRT-PCRIY
Btk ] 2722 Bt AR X Rk =
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Table 2 Primers used in the test

M Genes LF514(5'-3") Forward primer (5'-3") TUE51#(5'-3") Reverse primer (5'-3")
MeAMTI ATTACAGCTGGTTGCTCCGT CTCTCGCAAACAAGGCTGTG
MeNRT1 TATGCACCTGGGAAATGCTACA GACGGTGATGCCCATTGCTT
MeAKT1 TATTCGCCCTGTGTCTGGTG TTTCTCCCCCTTGTGAGCAG
MeHAKS ATGATGCAGTTGAGGAGCCC TCCCACTGTTTCAGCGTCTC
MeCBL7 TCATTGAGCGCCAAGAGGTT ACGGACGAAGTTCTGCCATT
MeCNGC14 GGAAGCATTCGCATTACGGG TCTTATGTCGACGCCAAGCA
MeZIP4 CAGGCACAGTTCAAGACCCT GCAGCTATCAGGTCCACCAA
MeVIT1 ATGGGCCTGTGGTTAATGCT ATGAGAGGCACCAATCCACC

MeIRT1 TCAAAGGTCTAGTGGCTGCTC CCAAGTGCTATTCCAAATGGTGTT
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Table 3 Cassava yield under different
fertilization treatments

TR i (i o £ )

Yield of fresh root tubers

i P

No. Treatment

FH [B] 5/ ((1/hm?®)

Field experiment

AR/ (g/ )

Pot experiment

T1  NK,CaZnFe, 111.80-+4.95hc 7.16+1.07h
T2 NK,CaZn,Fe, 70.10+11.64c 4.34+1.33d
T3 N,K,CaZn,Fe, 183.95-+14.39%b 5.81+0.49¢
T4 N,K,CaZnFe, 244.82411.93a 5.87+0.56¢
T5  N\K,CaZn,Fe, 200.76+22.10a 8.23+1.66a
T6  NK,CaZn,Fe, 249.33+14.83a 6.75+0.61bc
T7  N,K,CaZn,Fe, 180.74+26.25ab 5.6640.71c
T8 N,K,Ca,Zn,Fe, 184.26-£19.18ab 5.97+0.96¢

TE < [R50 5 A ) B9 7 B 26 75 2% AL BR ] 75 500 K28 5 B35
Note: Values followed by different letters in a column means signifi-

cantly different among treatments at the 5% level.
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FE A ] 1 38 A [ b R 22 57 i 25 (P<<0.05) , FIA]. Different letters showed significant differences between different treatments (P<<

0.05), The same as below.
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Fig. 1 Changes of chlorophyll content in cassava leaves under different fertilizer-combination treatments
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Table 4 Changes of N, P, K, Ca, Fe, Zn and Mg accumulation in cassava roots under

different fertilizer-combination treatments mg/plant
e N E2 B P E2p K 2t Ca R Zn B Fe £/ Mg E B
NO. A3 Treatment N P K Ca Zn Fe Mg
accumulation accumulation accumulation accumulation accumulation accumulation accumulation
T1 N,K,Ca,Zn Fe, 155.12+12.07ab ~ 34.22+3.45b  25.67+1.94b 78.4948.12b 54.314-4.86b 4.46+0.22¢ 24.554-3.86¢
T2 N, K,Ca,Zn,Fe, 136.09+18.36b  27.55+6.02b 19.00+2.65b 77.1449.90b 38.0248.41b 8.8242.11bc 26.4444.52¢
T3 N,K;Ca,Zn,Fe, 169.74+19.49ab  69.83+9.83ab  46.554-3.36ab 110.71413.03ab ~ 71.54+4.99ab 8.524-2.36bc 31.2142.68bc
T4 N,K,Ca,Zn Fe, 262.434+15.50ab  88.36+5.79% 60.96+3.63a  213.83+3.36a 121.94+5.13a 15.90+1.16ab 60.97+4.74ab
TS N,K;Ca,Zn,Fe, 260.534+11.26ab  56.1146.38ab  39.51+5.33ab 187.24+15.31lab  86.46+3.24ab  13.74+1.33abc  44.09+4.33abc
T6 N;K,CayZn,Fe, 235.9648.09ab 90.144-5.96a 61.86+0.80a  228.00+21.31a 128.14+4.71a 21.21+3.08a 68.0544.60a
T7 NyK,CayZn,Fe, 212.824+9.35ab  66.30+2.73ab  47.73+6.54ab  151.83+2.17ab 49.06+1.40b 13.92+1.72abc ~ 49.73+5.88abc
T8 N,K,Ca;Zn,Fe, 306.99416.32a  67.73+8.52ab  50.79+6.09ab  173.74+2.28ab  63.31+22.93b 13.98+3.24abc  44.9142.50abc

T« 6] 0B I AN TR) 1 7 B3R 4% AR BRI AE 5% 7KOF-k .35 22 5 . Note: Values followed by different letters in a column are significantly

different among treatments at the 5% level.
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EA(HN) g T1.T2.T5.T6 PUAS AL B P-4 45 50  AIRAUN(LN) 2 T3, T4 T7 . T8 AL H P 345 o w8 (HK) 3 T1.T3.T5.T7 1
ASKEFRAE- A EE A AR (LK) 9 T2, T4 T6 T8 A B4 45K . %545 (HCa) 2y T1.T3.T6 . T8 WA 4P 245 5 R4S (LCa)
T2 T4 T5.T7 WAL FRA I Z5 0 . e (HZn) 9 T1. T4 T5 . T8 PUAAb B ) S35 85 5% s IR (LZn) 9 T2 . T3, 76, T7 U4~ 3 ) 5F- 3%
454, B (HFe) A T1.T4 . T6. T7 A b P B 25 4 IK4k (LFe) 2 T2, T3.T5. T8 A4 HH (1 F- ¥ 45 5 . High nitrogen (HN) is the
average result of T1, T2, T5, T6; low nitrogen (LLN) is the average result of T3, T4, T7, T8. High potassium (HK) is the average result
of T1, T3, T5, T7; low potassium (LK) is the average result of T2, T4, T6, T8. High calcium (HCa) is the average result of T1, T3,

T6, T8; low calcium (1.Ca) was the average result of T2, T4, T5 and T7 treatments. High zinc (HZn) was the average result of T1, T4,

T5 and T8 treatments; low zinc (.Zn) was the average result of T2, T3, T6 and T7 treatments. High iron (HFe) is the average result of
T1, T4, T6 and T7 treatments; low iron (LFe) is the average result of T2, T3, T5 and T8 treatments.

B2 ERLEBRRAETRFGSREFRSBRBEXEENRIZE
Fig.2 Expression level of genes related to nutrients uptake of nitrogen, potassium,calcium,

iron and zinc at high and low levels of each element
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uptake associated gene expression level and corresponding nutrient content on root
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Effects of nutrients combined application on growth
and nutrients absorption of cassava
ZHANG Meng',ZHANG Huaifang”, CHEN Xin’, WANG Wenquan®,ZENG Changying’
1.Liaoning Dryland Agriculture and Forestry Research Institute, Chaoyang 122099, China;
2.School of Breeding and Multiplication(Sanya Institute of Breeding and Multiplication) ,
Hainan University,Sanya 572022, China;
3.Institute of Tropical Bioscience and Biotechnology , Chinese Academy of Tropical
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Abstract In order to explore the effects of N, K, Ca, Fe, and Zn and their interactions on cassava

yield, nutrient content and expression of genes related to the absorption and transport of five nutrient ele-
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ments, using the edible cassava variety SC9 with low hydrocyanic acid content as the test material , an or-
thogonal experiment of two-level fertilization with five factors of N, K, Ca, Fe, and Zn was designed under
the conditions of pot culture and field culture.Differences of cassava yield , chlorophyll content, accumulation
of large , medium and trace elements, and the expression of genes related to the absorption and transport of
five elements were compared among the treatments, and the best application range of N, K, Ca, Fe and Zn
was selected. The results showed that both pot and field T5 (N,K,Ca,Zn,Fe,) treatments could obtain the
higher cassava yield.High N could promote the synthesis of chlorophyll under pot conditions, but the appli-
cation of high levels of macronutrients would significantly reduce cassava yield , while the application of high
levels of micronutrients would increase both chlorophyll synthesis and yields under both conditions. Under
field conditions , high N levels not only promoted chlorophyll synthesis but also increased yield.Regarding el-
ement accumulation, the average accumulation of N, P, K, Ca, Fe, Mg in roots of low N and low K treat-
ments was significantly higher than that of high N and high K treatments; the average accumulation of P,
K, Zn in roots of high Ca treatment were significantly higher than those of low Ca treatment ; the average
accumulation of N, K, Ca, Zn in roots of high Zn treatment was significantly higher than that of low Zn
treatment ; the average accumulation of P, K, Ca,Zn, Fe, Mg in roots of high Fe treatment was significant-
ly higher than that of low Fe treatment.From the perspective of gene expression, high concentration of N,
K, Fe,Zn, fertilizer upregulated the expression of MeNRT1,MeAKT1,MeVITI and MeIRT1 genes, while
low concentration of Ca and Zn fertilizer upregulated the expression of MeCBL7, MeCNGC14 and MeZIP4
genes. In summary, different fertilization treatments have significant effects on the synthesis of chlorophyll
content in plant leaves, root yield , root nutrient accumulation, and the expression of nutrient transporter re-
lated genes. The lack or excess of elements as well as the relative imbalance are not good for the yield and
quality of cassava and we should pay attention to the application of reasonable proportion to maximize the
function of elements. Finally, for cassava pot experiment, the suitable fertilizer application amounts were
0.280-0.560 g/kg of N, 0.210 g/kg of K, 0.165-0.330 g/kg of Ca, 0.081-0.163 g/kg of Zn and 0.111 g/kg
of Fe, and the suitable fertilizer application amounts in field experiment were 150 kg/hm” of urea, 86 kg/hm’
of potassium chloride , 20 kg/hm” of calcium chloride , 90 kg/hm” of zinc sulfate heptahydrate and 35 kg/hm’
of ferrous sulfate.

Keywords cassava; nutrient combined application; chlorophyll content; yield; nutrient accumula-

tion; relative expression of genes
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