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Effects of Long-term Nutrient Deficiency on Agronomic Characters,
Yield and Starch Content of Cassava
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Abstract: The effects of long-term nutrient deficiency on cassava agronomic characters, yield and starch content were
studied to provide scientific basis for fertilization of continuous cropping. In this study, experimental materials in 2019
to 2021 (continuous cropping in 28th-30th years) were selected from the time axis of long-term fertilization trials. CK
(with NPK), =N (without N), —P (without P), —K (without K) combined with two cassava varieties SC205 and SC124
were selected. The SPAD value, plant height, stem diameter and starch content, yield, starch yield of the fresh storage
root (FSR) were measured and evaluate. Compared to CK, —N and —K significantly reduced plant height, and -N, —P and
—K significantly reduced stem diameter of cassava. Meanwhile, —K significantly reduced SPAD value of |eaves. Test of
between-subjects effect showed that, variety or fertilization had significant effects on agronomic characters, but the
interaction effect between them was not significant. The starch content of FSR, compared to CK, —N significantly im-
proved in 2021. —K significantly reduced, the three-year average decrease was 14.2%. Compared to CK, —N, —P and K
significantly reduced the yield, starch yield of FSR, storage root number per plant (SRNPP) and weight per storage root
(WPSR). The yield of FSR reduced by more than 40.0% under different nutrient deficiency, while the yield effects were
insignificantly different among nutrient deficiency treatments. The starch yield of FSR under -K decreased by 53.3%,
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the decrease was significantly higher than that of —-N and —P. The correlation analysis showed that yield, starch yield of
FSR were extremely significantly positively correlated with the SRNPP, and significantly positively correlated with the
WPSR. —N, —P and —K significantly inhibited cassava growth. N was the primary limiting factor for cassava fresh stor-
age root yield in the early stage of continuous cropping, followed by K, but P effect was not obvious. With the extension
of continuous cropping years, the effects of K and P effect gradually became more significant, and N, K became the
main limiting factors, then there was no significant difference on the fresh storage root yield effect among N, P and K,

there were equally important.
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Tab.1 Test of between-subjects effect under different treatments for agronomic characters of cassava

SPAD {8 P E Y

o HIXBET A5 A SPAD value Plant height/cm Stem diameter/mm

Year Split plot design ~ Source of variation
F P F P F P

2019 FIX X4 1.338 0.322 14.923 0.001 8.016 0.007

HIX F 10.691 0.003 28.220 0.000 19.910 0.000

\% 4.592 0.053 24.088 0.000 13.530 0.003

FxV 3.408 0.053 1.584 0.245 3.471 0.051

2020 EKX X4 1.830 0.212 0.651 0.602 0.127 0.941

HIX F 15.798 0.001 7.856 0.007 8.436 0.006

\Y 12.853 0.004 84.766 0.000 10.068 0.008

FxV 0.657 0.594 1.693 0.221 1.263 0.331

2021 FIX X4 0.093 0.962 0.154 0.924 4.259 0.039

HIX F 29.266 0.000 3.935 0.048 8.156 0.006

\ 4.319 0.060 168.338 0.000 15.679 0.002

FxV 0.097 0.960 1.081 0.394 1.106 0.385
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Tab. 2 Agronomic characters for different varieties of cassava under different fertilization treatments
SPAD {4 R e YE
4t ﬂ'ﬁ SPAD value Plant height/cm Stem diameter/mm
Treatment Variety

2019 2020 2021 2019 2020 2021 2019 2020 2021

CK SC205 425 41.4° 44.1° 228.8° 193.5° 220.8" 25.6°7 245 26.4%
SC124 41.3° 43.4° 46.1° 279.1° 254.6 259.9% 25.7° 23.0° 24.7°

Sy 41.9* 42.4° 45.1* 254.0 22414 240.3% 25.6" 23.74 25.5%

-N SC205 39.0° 43.3° 42.0° 191.8" 168.5 193.3 23.1° 20.7° 22.6°
SC124 40.9° 45.2? 43.9° 223.9% 207.1° 225.4° 20.2# 18.3° 21.3°

1y 40.0° 44.3* 42.9° 207.9° 187.8° 209.3° 21.7° 19.5° 22.0°

-P SC205 43.9° 44.3° 46.3° 202.22 189.2° 221.1° 23.0° 21.3° 24.3°
SC124 41.0° 45.7° 47.2° 215.22 239.0° 262.1° 19.8° 19.7° 21.7°

Sy 425" 45.0 46.7* 208.7° 214.1% 241.6" 21.4° 20.5° 23.0°

-K SC205 40.0° 37.2# 38.1° 189.9° 172.7° 178.9° 22.9° 21.3° 23.0°
SC124 36.6° 40.9° 39.8° 215.5% 204.6 226.5 22.42 21.3° 22.3*

S 38.3° 39.0° 39.0° 202.7° 188.6° 202.7° 22.6° 21.3° 22.7°

P<0.05 2

P<0.05

Note: Different lowercase letters after the same column of data in the same variety indicate significant difference among treatments (P<0.05),
different capital letters indicate the average value of the two varieties significant difference among treatments (P<0.05).

®3 TRLETHEEMEENEHEIHELE
Tab. 3 Test of between-subjects effect under different treatments for starch content of fresh storage root

2L X P 75 5 Sk IR 2019 2020 2021
Split plot design Source of variation F [= [=] = P
EX X4 3.598 0.059 13.541 0.001 3.988 0.046
HIX F 12.226 0.002 11.488 0.002 89.180 0.000
\% 3.275 0.095 0.245 0.630 0.007 0.935
FxV 4.746 0.021 8.641 0.003 89.180 0.000

x4 AEAHERBEFERAERMAENHEEMESE
Tab. 4 Starch content of fresh storage root for different
varieties of cassava under different fertilization treatments%

A3 Treatment AP Variety 2019 2020 2021
CK SC205 30.2° 26.4*  22.3°
SC124 29.5% 265 225°
SE1 29.9* 265" 224"
—N SC205 327 27.6°  271.7°
SC124 30.5° 255  26.1°
Sy 316" 26.6° 26.9"
P SC205 29.2° 2712 22.3
SC124 34.1° 26.6° 21.9°
T4y 316" 26.8° 22.1°
—K SC205 25.5° 215" 16.2°
SC124 29.2% 246°  18.2°
1y 27.4° 2315 17.2°

P<0.05 2

P<0.05

Note: Different lowercase letters after the same column of data in
the same variety indicate significant difference among treatments
(P<0.05), different capital letters indicate the average value of the two
varieties significant difference among treatments (P<0.05).
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Tab. 5 Test of between-subjects effect under different
treatments for yield and starch yield of fresh storage root

= B BB
O KB ZEREE Eresh stor Starch yield of
1 . age
vear SPlitplot Sourceof oot yield fresh storage
ear . - eld
design  variation root yi
F P F P
2019 FIX X 4H 2.148 0.164 0.295 0.828
ZUIX F 94.307 0.000 52.827 0.000
\Y 0.413 0.533 4119 0.065
FxV 1.823 0.197 9.493 0.002
20200 K x4) 1174 0373 11.386 0.002
X F 59.064 0.000 126.626 0.000
\% 3.308 0.094 3.715 0.078
FxV 22.058 0.000 26.377 0.000
2021 F X X 2H 0.895 0.481 3.033 0.086
ZUIX F 236.316 0.000 256.583 0.000
\% 4.403 0.058 2.378 0.149

FxVv 6.258 0.008 1.019 0.419

* 6 AEABIEEGARARMMABENHE~SMENR "=
Tab. 6 Yield and starch yield of fresh storage root for dif-
ferent varieties of cassava under different
fertilization treatments

e I g
" Starch yield of fresh
Qb i Fresh storage root storage root

Treatment Variety yield/(t-hm™) yield/(t-hm?)
2019 2020 2021 2019 2020 2021

CK SC205 26.2* 263 282*° 7.9° 7.0 6.3°
SC124 247*° 29.0° 30.3* 7.3 77*° 6.8
iy 2540 2777 203* 760 7.3 66"

-N  SC205 19.3° 149° 7.9° 63 41*° 227
SC124 19.3* 19.8° 92° 59° 51° 243
g 1935 17.4°  86° 6.1°  46° 23°

-P  SC205 14.3* 235 97" 42° 63 220
SC124 155% 17.7° 1277 53* 47 28
iy 14.9° 20.6° 112° 47° 55 258

-K  SC205 14.8° 16.4° 115 38 35 19°
SC124 16.3* 183" 9.1° 48 45 17°

3 15.6° 17.3° 10.28¢ 43° 40° 1.8°

P<0.05 2
P<0.05
Note: Different lowercase letters after the same column of data in

the same variety indicate significant difference among treatments

(P<0.05), different capital letters indicate the average value of the two
varieties significant difference among treatments (P<0.05).

24 FFEfHEEF
FARBIROV AR (£ 7), WA, SR
Fe 35 0952 FAE FIA 35 50 0 4% 4 B 1) B bR 4%
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Tab. 7 Test of between-subjects effect under different
treatments for yield components of cassava

G0 A R&ﬁ AL 5ER IR igfjgée%oﬁ VE\;ﬁe?g%f;;i;r
Year Sgle;;iglnm \S/(:rjirac\ztlieo(r): number per plant storage root
P F P

2019 E£X [X 4 0.233 0.871 1117 0.392

ZIX F 7.804 0.007 29.173  0.000

\ 83.886 0.000 16.005 0.002

FxV 5.684 0.012 6.781 0.006

2020 £ X 40 0.227 0.875 0.225 0.877

X F 68.149 0.000 53.501 0.000

\ 67.887 0.000 132.161 0.000

FxV 8.771 0.002 11.887 0.001

2021 EKX [X 4 0.328 0.805 0.343 0.795

ZUX F 481.131 0.000 51.030 0.000

\% 265.189 0.000 823.868 0.000

FxV 32.434 0.000 33.153  0.000

®8 AREMEERZHARMIMAZN~SMHEF
Tab. 8 Yield components for different varieties of cassava
under different fertilization treatments

HRE RS HARE G
hb¥g SR Storage root number Weight per storage
Treatment Variety per plant root/g

2019 2020 2021 2019 2020 2021

CK SC205 6.7° 7.8 11.5* 268.7° 217.2° 157.3"
SC124 50° 58 7.4 406.5" 330.8* 263.8°

F¥y 58 68 95 337.6% 274.0° 210.6"

-N  SC205 7.6 3.7° 3.7° 169.5° 268.7° 133.8"
SC124 5.9° 2.8 28" 2158° 468.7%° 225.0°

F¥y 68 33° 32° 1926° 368.7% 179.4°

-P  SC205 5.8 7.0° 4.4° 1735° 196.7° 128.3"
SC124 53° 42 33" 205.0° 277.8* 238.1°

¥y 55°  56°  3.8° 189.2° 237.2° 183.2°

—-K  SC205 5.9*° 55° 55 170.7° 192.7° 1385
SC124 52° 51° 33" 210.9° 2384% 174.1°

iy 55° 538 44® 190.8° 215.6° 156.3°

P<0.05 2
P<0.05
Note: Different lowercase letters after the same column of data in
the same variety indicate significant difference among treatments
(P<0.05), different capital letters indicate the average value of the two
varieties significant difference among treatments (P<0.05).
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i, 2 AP RIS RN A B R T
%, PARRGE RPN SC205>SC124, i LA
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P 100
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0.80
Yok ‘,‘r//ﬂ(/ﬁgﬁﬁﬁﬁ 0.60
SRR R | 0 ' / | spAD 4 040
| 4 0.20
SPAD 0.45 0.69 0.77 / 3=
I 10
HE | £ 010 0.13 085 | ' /Q/ =
| 4 —0.20
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PR LT 3R TE AR DGR, R 3R 1A DG M
The correlation coefficient expressed as P-value in each grid, less than 0.05 indicate significant correlation and less than 0.01
indicate extremely significant correlation between row and column. The more red, the more positive correlation,
and the more blue, the more negative correlation.

Bl ABRZHRK. SEEHSE. FEMREZRTEENAXES

Fig. 1 Correlation analysis among agronomic characters, starch content, yield components and yield
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