2013 6 21 6
Chinese Journal of Eco-Agriculture, Jun. 2013, 21(6): 689-699

DOI: 10.3724/SP.J.1011.2013.00689

. N N k% %
wE=" % B2 T = 1,23 BoE 34 gk s g 123 SRE B 1,34

(1. 730070; 2. 730070;
3. 730070; 4. 730070)

HRATHERERREAMME I ZAEERZ WM TALAE AL, AR BN EFEEHRTE
FPEYMEA LD RZHREL GRS E. Ak, AR T 2010 FEHALZ K69 B8R TR & EHATH K
Yo, UL ERN I TR LRE M REE N RBAH, UREHREN S, BFAAHERE 1~5 a TH
ErE M, FREEX LR FERN AR, KE AR A SHEENTFRAD A E RSN R
. SREW, GROEMKEITEE L, FF 1af2a ZRERLZFELREFRN, EEEFE3aTHY
AT F T, B 44%~56%, RIAL AR hEERES, NFELE, AHENZ I M IR EEFENREL LA
B, NFEEMERN, EEEETHRSHREFIAZ"ETHNELRE. TRZTHAKR. £, thkZ
HAEMEHE EFEFROGLERT THE, MRELAER. EEteEBIEERWEE, P, G v THEEFEFR
KB FTHE, CUNEI LA, T RETOCAEN R Fo M EAEF REEKTTEH T B, F/F,. Pesi
fo gP Z#f EF-. MRk F SOD. POD fu CAT &M AN A HEFREK K LI B THEHIE. §1EE
fatk, #F 1afn2a HAFE o) MDA @ BE B ZF A, BiEME 3~5a3wd~6 5. MAFFREK, ik
RAEN RERERAFERZKEREE TR, RAVSEHELRK . RER IR KL Z A fn, TIARE
BRREREEN. EREN, GRELFEERNTERT ELCEBEARN - R LA HAMIABRPHSF
HWAEAKRN, BT ELAZEREANREZRBKTAR, TLAEFEERL SR TIREERERAN
KA.

LHZFHEE FE OANE KEAE HARRYEAL REAMSHAEE

: S532 tA : 1671-3990(2013)06-0689-11

Effects of continuous cropping on potato eco-physiological characteristics in
the Yellow River irrigation area of the central Gansu Province
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Abstract The Yellow River irrigation area in the central Gansu Province is one of the main potato growing regions in Northwest
China. Potato is often grown continuously in a monocropping system by farmers and planting enterprises in Gansu to maximize
consecutive payoffs. This practice has resulted in severe declines in tuber yield and quality. To address this problem, a field
experiment was conducted in 2010 to study the effects of continuous potato monocropping (CPM) on eco-physiological

characteristics of potato plant using the “Atlantic” potato variety in Jingtai County of Baiyin City. In the experiment, five treatments
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of continuous monocropping potato for 1~5 years were set, and named L1, L2, L3, L4 and L5, respectively. In addition, rotation
treatment, in which maize was planted in 2008 and 2009, potato in 2010, was used as the control (L0). There was no statistical
difference in tuber yield among L0, L1 and L2. However, significant declines in tuber yield occurred in L3, L4 and LS5; decreasing by
44%~56% compared with L0O. This proved that after continuing for two years, CPM significantly reduced tuber yield. For potato
yield component, correlation analysis indicated that average fresh-weight of individual tuber was the leading cause of decline in tuber
yield under CPM system. Dry matter contents of different potato organs gradually decreased with longer CPM duration. However,
potato root-to-shoot ratio was the reverse. CPM significantly affected photosynthetic physiology of potato plants. While P,, Gsand T;
significantly decreased with increasing CPM duration, C; increased. CPM also significantly affected chlorophyll fluorescence
parameters in potato leaf. F), /F,, ®@psy and gP gradually increased with increasing CPM duration, whereas F gradually declined.
There was a declining trend in the activities of SOD, POD and CAT in potato leaf after an initial increase with increasing CPM
duration. There was no significant difference in potato leaf MDA content in L1 and L2 compared with that in LO. However, potato
leaf MDA content increased about 4~6 folds respectively in L3, L4 and L5. The activity of potato root system, total root absorption
area and root active absorption area all significantly declined with increasing CPM duration. Root morphological parameters
including total root length, surface area and tip number gradually increased with increasing CPM duration, but were statistically not
different in root diameter and volume among the six treatments. The results confirmed that CPM significantly affected not only the
distribution of dry matter in potato plants, but also the changes in morphology and photosynthesis associated with physiologic
processes of potato; causing tuber yield decline. Besides, the metabolism and regulation of endogenous hormones within potato
plants were probably connected with the decline in tuber yield. This resulted in sink-source imbalance in potato plants.

Key words Continuous potato monocropping, Yield, Biomass, Photosynthetic physiology, Cell protectase system,
Morphologic and physiological characteristics of root system
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Table 1 Detailed description of the plots used in this study
Treat- Years for continuous Size .
. Planting sequence
ment potato monocropping (a)  (mxm)
Lo 0 (CK) 125%36 A2008—-20(‘)9 ,2010 - ‘
Planting maize in 2008 and 2009, and subsequently planting potato in 2010
L1 1 40x37 2009—2010 Monocropping potato in 2009 and 2010, previous crop was maize
L2 2 53%x42 2008—2010 Monocropping potato from 2008 to 2010 , previous crop was maize
L3 3 37x60  2007—2010 Monocropping potato from 2007 to 2010, previous crop was maize
L4 4 48x40  2006—2010 Monocropping potato from 2006 to 2010, previous crop was maize
L5 5 52x40  2005—2010 Monocropping potato from 2005 to 2010, previous crop was maize
F2 SRR LIERALMER
Table 2 0~20 cm topsoil agro-chemical properties before sowing of 2010 potato growing season in this study
. 4 o Alkaline-extractable N Olsen-extractable P NH4;OAc-extractable K pH
Treatment  Organic matter (g-kg ) Total N (g'kg™) 1 . 1
(mgkg™) (mgkg™) (mgkg™)
LO 8.76+0.27 0.43+0.05 43.91£2.75 4.26+0.13 125.00+8.23 8.67+0.08
L1 10.93+£0.39 0.55+0.06 72.35+£2.43 2.8340.08 201.00+10.15 8.45+0.10
L2 10.51+0.28 0.52+0.04 52.19+1.08 4.21£0.10 160.00+8.76 8.73+£0.05
L3 13.48+0.45 0.62+0.03 103.66+3.15 9.724+0.33 254.00+6.54 7.57+0.07
L4 9.39+0.13 0.56+0.03 107.80+3.08 16.64+0.28 229.00+9.07 8.57+0.08
L5 8.45+0.23 0.59+0.04 78.83+£1.43 19.89+0.39 184.00+7.54 8.58+0.07
10 + pH 501 Data in this table were means+tstandard deviation (n=10). Soil pH was

determined in the ratio of 5 © 1 (water - soil).
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Table 3 Comparison on tuber yield and field agronomic characteristics of potato plants under different years of
continuous monocropping
Treatment Tuber yield Plant height Stem diameter Tuber number Tuber weight per plant Weight per tuber
reatmen (kg-hm™) (cm) (mm) per plant (kg) (kg)
Lo 38 051+5 063a 51.81+5.66ab 10.03+0.07a 3.73+0.42ab 0.64+0.10a 0.19+0.05ab
L1 36 092+884a 51.13+5.08ab 10.08+0.06a 2.73+0.64b 0.63+0.03a 0.21+0.02a
L2 37 64143 255a 55.21£3.71a 10.04+0.08a 3.40+0.53ab 0.56+0.17a 0.19+0.07ab
L3 20 774+6 527b 45.03+1.87b 10.02+0.05a 3.23+0.35ab 0.39+0.03b 0.1240.01bc
L4 16 655+502b 35.21+4.79¢ 10.01+£0.06a 2.73+0.76b 0.31+£0.07b 0.14+0.06abc
LS 16 576+344b 35.38+3.45¢ 10.06+0.06a 3.93+0.47a 0.36+0.05b 0.10+0.01¢
3 + 5% (P<0.05), Data in this table are means+standard

deviation (n=3). Different lowercase letters in the same column mean significant difference at 0.05 level. The same below.
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Table 4 Effects of continuous monocropping years on plant biomass of potato
Treatment Whole p17alnt ROOt,l Stemil Leafﬁ1 Tuberﬁl Ratio of root to Harvest
(g-plant™) (g-plant™) (g-plant™) (g-plant™) (g-plant™) shoot index
Lo 251.50+32.34a 3.37+0.11a 15.55+2.51a 31.26+7.25a 201.32+22.70a 0.073 9b 0.801 7a
L1 226.97+44.41ab 2.98+0.27ab 14.054+2.10ab 27.904+5.53a 182.05+36.98ab 0.071 9b 0.801 3a
L2 226.37+£56.15ab 2.65+0.57bc 11.0142.09bc 28.9243.42a 183.80+54.88ab 0.066 8b 0.804 5a
L3 173.89+17.77bc 2.38+0.28¢ 13.63+1.03ab 19.35+£2.62b 138.49+14.92bc 0.074 3b 0.796 la
L4 136.34+12.20c 2.23+0.02¢ 11.2840.91bc 13.3543.40b 109.48+8.52¢ 0.092 1b 0.803 6a
L5 123.52+1.42¢ 2.77+0.15bc 9.77+1.67¢ 13.32+£2.95b 97.65+3.64c 0.120 5a 0.790 4a
, L3 ,
, ’ [22]
s , LS LO
51% (L5) (22231 Fo PSII
, R LO , L5 5 s
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Table 5 Effects of continuous monocropping on photosynthesis parameters and chlorophyll fluorescence parameters
within leaves of potato in tuber expansion period

CO, PSII PSII
Treatment P, [eX T: Fy F,/F, Dpgip qP
Lo 14.78+1.21a  0.48+0.03a  67.00£22.58c  9.52+£0.38a  0.536£0.01b 0.966+0.01a  0.581£0.02a  0.715+0.01a
L1 14.59£0.92a  0.50£0.04a  87.00£10.72bc  9.93£0.42a  0.537+0.01b 0.965£0.01a  0.585£0.01a  0.712+0.01a
L2 14.40£1.082  0.46£0.05a  92.00£12.62bc  10.00£0.37a  0.552+0.02ab 0.967£0.01a  0.486£0.02ab  0.713+0.01a
L3 11.23£2.60b  0.42+0.03ab  123.54+£27.37b  7.13£0.53b  0.560£0.01a 0.833£0.02b  0.417+0.02b  0.625+0.04b
L4 9.6842.47b  0.38+£0.03b  188.05+7.15a 4.6240.61c  0.577+0.04a 0.796£0.01c  0.353£0.02c  0.552+0.05¢
L5 7.92+41.81b  0.39£0.02b  196.61+9.43a 3.8440.88c  0.579+0.03a 0.795£0.02¢  0.349£0.02c  0.503+0.03d
2
, PSII )
, , MDA
b Pn b
2.4 [26] 6
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Table 6 Effects of continuous monocropping on antioxidant system within potato leaves in tuber expansion period

Treatment  SOD activity [U-g” ' (FW)-h™'] POD activity [pug-g” (FW)-min™'] CAT activity [U-g”' (FW)-min~'] MDA content [umol-g”' (FW)]
Lo 114.32+12.58¢ 246.58+22.58b 40.18+3.78a 2.49+0.24c
L1 137.36+10.14b 272.50+37.34ab 37.23+3.03a 2.99+0.19¢
L2 159.21+9.86a 344.334+21.83a 39.67+4.00a 3.21+0.27¢
L3 74.62+20.71d 210.50+24.37¢ 14.00+3.00b 10.06+0.39b
L4 47.59+10.50e 159.17+17.18d 11.79+2.87b 11.23+0.50ab
L5 48.64+9.12¢ 165.34+15.41d 10.78+3.13b 12.46+0.81a
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Table 7 Effects of continuous monocropping on morphological and physiological parameters of potato roots in tuber
expansion period

Root morphology Physiological parameter
Treatment  44.] length Surface area  Diameter ~ Volume Tips Total absorbing Active absorbing Root activity
(cm) (em?) (mm) (cm®) number area (m?) area (m?) [ug(TTC)-g ' (FW)-h']
LO 388.50+55.81b  160.76+£31.46b  1.35+0.10a 5.41+1.39a 1 904+268b 3.21+0.20a 2.05+0.10a 354.23+13.57a
L1 465.83+38.21ab 174.62+13.02ab 1.20+0.16a 5.31+1.12a 2 185+£389ab  3.34+0.15a 1.98+0.10a 346.76+20.36a
L2 464.00+45.49ab 182.65+8.66ab  1.31+0.12a 5.90+0.76a 2 235+141ab  3.11+0.23ab 1.05+0.13b 343.24+17.94a
L3 466.62+50.12ab 189.96+2.95ab  1.25+0.09a 6.08+0.19a 2 322+415ab  1.56+0.04b 0.87+0.17bc 163.97+22.77b
L4 477.50+64.50ab 192.02+14.94ab 1.31+0.10a 6.30+0.33a 2 316+306ab  1.03+0.05¢ 0.54+0.05¢ 117.46+9.87¢
L5 541.38+40.75a 203.54+12.0l1a 1.23+0.03a 6.22+0.4la 2 507+198a 1.04+0.02¢ 0.50+0.04¢ 118.07+7.13¢
la 2a
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